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Preface 


In  view  of  the  enormous  advances  made  in  the  sciences  formerly 
termed  auxiliary  to  medicine,  but  now  recognized  as  fundamental  for  all 
progress  in  the  healing  art,  the  time  would  seem  rij)e  for  a  publication 
dealing  in  a  simple,  practical  way  with  the  clinical  diagnosis  of  internal 
diseases. 

In  the  last  decade  the  viewpoint  of  internists  has  to  a  certain  extent 
been  shifted,  in  that  they  are  now  attempting  to  visualize  clearly  the 
functional  pathological  processes  that  are  the  essence  of  disease.  They  are 
studying,  too,  the  causes — external  and  internal — of  the  deviations  from 
the  normal  met  with  in  disease ;  and  they  are  no  longer  content  merely  with 
setting  up  clinical  syndromes,  or  with  attempting  to  prophesy,  during  life, 
the  anatomical  lesions  that  pathologists  will  find  in  the  bodies  of  their 
patients  after  death.  Control  of  clinical  work  by  the  methods  of  patho- 
logical anatomy  and  histology  will  always  be  highly  desirable;  but  for 
the  clinical  diagnosis  of  internal  diseases  today,  a  knowledge  of  functional 
pathology  and  of  its  underlying  sciences  (biophysics  and  biochemistry) 
is  quite  as  important  as  a  knowledge  of  pathological  anatomy.  Indeed, 
this  substitution  of  the  viewpoint  of  functional  pathology  for  that  of  struc- 
tural pathology  in  discussions  of  the  principles  and  in  determining  the 
practice  of  inner  medicine  represents  the  most  radical  departure  in  our 
science  since  Virchow  so  profoundly  influenced  it  by  the  introduction  of 
the  conceptions  of  cellular  pathology  over  fifty  years  ago. 

The  growth  of  the  sciences  underlying  clinical  work  has  been  so  rapid 
and  the  progress  so  great  that  an  inner  medicine  can  now  be  constructed 
that  is  very  diflFerent  in  form,  methods,  and  emphasis  from  the  inner 
medicine  of  any  previous  period — so  different,  indeed,  that  of  the  men 
trained  in  the  art  and  science  of  diagnosis  a  few  years  ago,  only  those 
that  have  had  exceptional  opportunities  for  keeping  pace  with  changes 
can  find  their  way  in  it  without  a  special  guide.  To  provide  such  an 
everyday  guide  for  practitioners,  and  for  students  who  are  now  entering 
upon  the  study  of  clinical  medicine,  this  work  has  been  planned  and 
written.  In  it  an  attempt  has  been  made  to  present  in  due  proportion 
the  methods  and  results  of  the  science  of  medical  diagnosis,  in  all  its 
parts.  The  w^ork  has  been  written  from  the  viewpoint  of  functional 
pathology,  as  far  as  this  is  possible  at  the  present  time,  but  the  results 
of  etiological  and  pathological-anatomical  studies  have  been  also  regarded. 

•  • 
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With  our  present  knowledge,  diagnosis  should  mean  not  the  mere 
placing  of  a  patient's  malady  in  a  particular  group  and  the  assignment 
to  it  of  a  name,  but  rather  a  thorough  knowledge  of  the  patient  and  the 
arrival  at  an  understanding  of  the  essence  of  those  deviations  from  normal 
functions  that  the  patient  presents.  Thus  understood,  diagnosis  involves 
(1)  the  accumulation  of  data  by  all  possible  methods  (physical,  chemical, 
biological,  psychical,  social,  experimental)  that  can  yield  information  of 
importance  regarding  the  patient's  body  and  mind;  (2)  the  drawing  of 
whatever  inferences  are  justifiable  therefrom.  To  make  such  a  diagnosis 
requires  much  knowledge  of  both  bedside  methods  of  examination  and 
laboratory  technic,  and  skill  acquired  by  practice  in  the  use  of  them. 

Clinical  men  have  come  to  realize  that  they  cannot  expect  the  labora- 
tory workers  in  the  non-clinical  medical  sciences  to  solve  clinical  problems 
for  them,  for  these  men  have  the  problems  of  their  own  sciences  to  solve, 
and  the  application  of  the  scientific  facts  discovered  by  them,  in  so  far 
as  they  offer  a  solution  of  diagnostic  and  therapeutic  difficulties,  must  be 
made  by  the  clinicians  themselves.  Technical  application  always  involves 
new  investigations,  which  fortunately  often  not  only  contribute  to  the 
progress  of  clinical  medicine  itself  but  also  advance  the  sciences  under- 
lying it 

It  may  be  asked  whether  the  present  state  of  inner  medicine  really 
justifies  an  attempt  at  description  from  the  viewpoint  of  functional 
pathology.  That  such  a  presentation  is  not  easy,  and  that  it  must  fall 
far  short  of  what  one  would  like  it  to  be,  must  at  once  be  admitted. 
Certain  parts  only  of  inner  medicine  have  been  well  worked  up  on  the 
functional  pathological  side;  others  ar6  as  yet  almost  wholly  unex- 
plored. At  the  present  time,  when  there  is  a  seething  activity  in  our 
clinics  in  the  application  of  biochemical  and  biophysical  methods  to  diag- 
nosis, it  can  scarcely  fail  to  be  helpful  to  patients  and  physicians,  to 
teachers  and  students,  and  even  to  original  investigators,  to  take  stock  of 
what  has  already  been  accomplished,  to  point  out  the  gaps  in  our  knowl- 
edge, and  to  indicate  unknown  fields  that  may  most  profitably  be  explored. 
For  nothing,  perhaps,  contributes  more  to  the  further  progress  of  an 
unevenly  developed  subject  than  a  clear  and  concise  presentation  of  its 
state  at  a  given  time;  the  practical  value  of  the  results  obtained  in  well- 
tilled  districts  serves  as  a  spur  to  the  cultivation  of  unbroken  ground. 
A  survey  of  inner  medicine  in  the  light  of  functional  pathology  is  not 
only  justifiable  at  this  moment  but,  for  the  welfare  of  our  profession,  is 
urgently  demanded. 

Naturally  it  might  be  asked :  Should  any  one  man,  in  a  time  like  ours, 
try  to  write  a  textbook  of  clinical  diagnosis  that  covers  the  whole  field 
of  inner  medicine  and  its  specialties?  Is  it  not  essential  that  such  a 
work  be  written  by  a  large  group  of  specialists,  each  one  contributing  the 
chapter  bearing  upon  the  particular  domain  in  which  he  is  an  expert? 
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The  writer  has  considered  this  question  very  seriously  before  deciding 
to  stand  as  single  sponsor  for  the  present  work.  All  will  agree  that  in 
the  preparation  of  large  systematic  treatises,  it  is  desirable  that  the 
single  parts  be  written  by  special  investigators  in  the  several  domains. 
For  the  time  has  long  since  passed  when  any  one  man  can  be  equally 
interested,  active,  and  productive  in  all  parts  of  inner  medicine.  Each 
of  the  medical  specialties  requires  for  its  mastery  so  much  experimental 
work,  so  much  technical  skill,  and  such  a  wealth  of  detail  and  depth  of 
special  knowledge,  that  a  firm  grasp  of  more  than  one  or  two  specialties 
exceeds  the  power  of  a  single  person.  In  large  treatises,  furthennore, 
it  is  not  permissible  to  omit  even  less  important  details ;  the  specialist  is 
required  to  discuss  theories  at  length,  even  those  that  are  of  uncertain 
value.  But  the  writing  of  a  monograph  is  an  entirely  diflFerent  problem. 
In  it,  there  must  be  a  careful  selection,  a  separation  of  the  relatively 
important  from  the  less  important,  the  avoidance  of  unnecessary  ballast, 
and  compression  within  set  limits.  Hence  it  would  seem  desirable  that 
a  monograph  on  the  diagnosis  of  internal  diseases  be  produced  by 
a  single  wTiter,  provided  this  writer  has  had  large  clinical  oppor- 
tunities, some  years  of  laboratory  training,  and  has  been  in  close 
contact  with  original  workers  in  the  several  specialties,  always  moreover 
provided  that  he  has  good  judgment  regarding  the  needs  of  students  and 
general  practitioners,  a  wide  acquaintance  with  home  and  foreign  litera- 
ture, and  the  kind  of  mind  that  permits  him  to  sift  critically,  to  balance 
evenly,  to  write  concisely  and  to  express  himself  clearly;  for  such  a 
practical  diagnostician,  imbued  with  the  scientific  spirit,  should  be  able 
to  prepare  a  valuable  clinical  work  if  the  purpose  for  which  it  is 
designed  be  kept  plainly  in  view  during  its  production.  To  a  full  pos- 
session of  the  ideal  qualifications  just  enumerated  the  author  makes  no 
claim.  Xone  can  feel  more  keenly  the  shortcomings  of  the  present  work. 
Should  it,  however,  be  adjudged  to  have  met,  to  some  extent,  an  existing 
need,  it  is  hoped  that  other  teachers  and  practitioners  may  be  kind  enough 
to  call  attention  to  mistakes  and  omissions,  so  that  their  cooperation  will 
render  possible  a  more  adequate  presentation  of  the  subject  at  a  later 
period.  There  is  one  best  way  to  do  everything,  and  the  sooner  the 
"staBfhacd  methods"  are  found  and  adopted,  everywhere,  by  single  workers, 
the  greater  will  be  their  efficiency. 

In  the  arrangement  and  presentation  of  this  material,  the  prac- 
tical needs  of  students  and  of  physicians  have  been  kept  foremost 
in  mind.  The  idea  underlying  the  plan  has  been  to  write  the  work 
in  such  a  way  that  any  one  using  it,  no  matter  what  his  special 
training,  will  find  in  it  directions  that  will,  if  consistently  followed, 
permit  him  to  make  a  complete  examination  of  all  parts  of  the  human 
body  by  both  the  clinical  and  the  laboratory  methods  now  in  use,  and  to 
draw  from  the  data  thus  accumulated  all  justifiable  inferences.     The 
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intention  has  been  to  lay  equal  stress  upon  all  the  branches  of  inner  medi- 
cine, avoiding  long-winded  discussions  and  the  inclusion  of  unimportant 
material  as  well  as  that  that  is  too  uncertain  and  debatable.  The  infor- 
mation given  is  believ^ed  to  be  full  enough  to  permit  a  clinician  to  work 
by  directly  following  the  text,  thus  avoiding  the  necessity  and  trouble  of 
using  a  whole  series  of  special  treatises  in  everyday  work.  To  preserve, 
however,  the  compendious  character  of  the  treatise,  it  has  not  been  thought 
desirable  to  include  all  the  thousand  and  one  methods  that  are  available, 
nor  to  discuss,  in  detail,  the  advantages  and  disadvantages  of  those  that 
are  described.  The  student  or  practitioner  who  on  occasion  may  desire 
fuller  information  than  is  here  given,  or  may  require  to  use,  for  some 
special  research,  methods  not  sufficiently  practical  to  justify  their  inclu- 
sion in  this  work,  will  find  appended  to  the  several  sections  bibliographic 
references  in  which  the  additicmal  information  may  be  found.  In  select- 
ing these  references  I  have  been  influenced  by  (1)  the  historical  impor- 
tance of  the  articles,  (2)  American  work,  and  (3)  the  recency  of  the 
contributions.  It  will  be  noticed  that  a  number  of  methods  usually  found 
in  textbooks  of  diagnosis  are  missing;  on  careful  consideration,  methods 
that  have  been  judged  to  be  antiquated  or  that  have  been  perpetuated  by 
reason  of  false  piety,  have  been  omitted.  Additional  brevity  in  the  text 
has  been  made  possible  by  the  introduction  of  many  explanatory  charts, 
tables  and  illustrations. 

The  author  desires  to  express  his  thanks  to  the  many  friends  who 
have  aided  him  in  gaining  the  experience  upon  which  the  work  is  pri- 
marily based  and  in  the  preparation  and  arrangement  of  the  abundant 
material  composing  it.  His  thanks  are  especially  due  to  his  colleagues 
of  the  medical  and  surgical  staffs  of  the  Johns  Hopkins  Hospital,  to  the 
Resident  Physicians  of  the  same  hosjutal  from  1905  to  1915  (including 
Drs.  R.  I.  Cole,  C.  P.  Emerson,  B.  A.  (^hoe,  T.  R.  Boggs,  F.  J.  Sladen 
and  P.  W.  Clough),  and  to  the  men  in  charge  of  the  several  laboratories 
of  the  medical  clinic  during  the  period  (including  A.  D.  Ilirschfelder, 
R.  S.  Morris,  W.  L.  Moss,  C.  Voegtlin,  C.  G.  Guthrie,  C.  R.  Austrian, 
G.  S.  Bond,  W.  A.  Baetjer,  A.  W.  Sellards,  R.  II.  Major,  S.  R.  Miller, 
A.  L.  Bloomfield,  and  E.  W.  Bridgman).  Dr.  M.  C.  Pincoffs  has  care- 
fully revised  the  set^tion  on  the  urine  and  has  been  helpful  in  many  other 
ways  in  the  preparation  of  the  volume.  Mr.  Max  Broedel  has  given 
valuable  advice  regarding  the  illustratiim  of  the  volumes,  and  Mr.  W.  C. 
Shepard  and  blisses  Flora  L.  Schaefer  and  Dorothea  Penningtcm  have 
made  most  of  the  original  drawings.  [Miss  Daisy  P.  Tousey  and  Miss 
Dick  have  aided  in  the  preparation  of  the  temperature  charts  of  the  sec- 
tion on  infectious  diseases;  Drs.  D.  K.  McLean  and  V.  P.  W.  Syden- 
stricker,  and  Drs.  Mildred  ('lark  and  Mary  A.  Hodge  have  helped  in  the 
preparation  of  legends  for  the  illustrations;  while  Miss  Blogg  and  her 
associates  in  the  Johns  Hopkins  Hospital  Library,  Aliss  Noyes  and  her 
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associates  in  the  Library  of  the  Medical  and  Chirurgical  Faculty,  and 
Miss  K.  V.  Halsey  have  verified  the  accuracy  of  the  many  references  to 
the  bibliography.  To  his  faithful  secretaries,  Miss  B.  O.  ITumpton  and 
Miss  Jane  Humpton,  the  thanks  of  the  writer  are  due  for  their  pains- 
taking work  on  the  manuscript ;  to  the  former,  he  is  indebted  also  for  the 
preparation  of  the  index.  For  permission  to  use  cliches ^  photographs  of 
interesting  cases,  roentgenograms,  etc.,  thanks  are  due  to  many  publishers 
of  medical  works  and  to  the  authors  of  books  and  of  articles  in  journals. 
In  each  instance  acknowledgment  has  been  made  in  the  legend  accom- 
panying the  figure.  Especial  thanks  are  due  to  Dr.  F.  R.  Smith,  who 
has  been  good  enough  to  rend  a  part  of  the  proof  sheets,  and  whose  valuable 
suggestions  have  contributed  to  accuracy  and  clearness. 

It  is  a  pleasure  to  acknowledge,  too,  the  liberality  and  cooperation  of 
the  publishers,  who  have  sliown  a  sympathetic  appreciation  of  the  new 
needs  of  such  a  work,  and  have  given  their  consent  to  a  number  of  ex- 
pensive innovations.  To  their  representative,  Dr.  J.  R.  Broome,  the 
writer  is  particularly  under  obligations  for  kind  help  in  many  ways. 

In  conclusion,  it  may  be  mentioned  that  the  writing  of  this  monograph 
was  begun  before  the  outbreak  of  the  great  world  war.  It  was  the  desire  of 
the  author  from  the  beginning,  while  attempting  adequately  to  present 
the  results  of  American  work,  to  value  properly,  also,  the  researches  of 
clinicians  in  all  countries.  Since  the  outbreak  of  the  war  the  writing 
has  been  continued  precisely  in  the  spirit  in  which  it  was  begun,  and  in 
the  bibliography  cited  every  effort  has  been  made  to  avoid  any  one-sided 
or  prejudiced  consideration  of  the  literature.  Medicine  is  not  a  national 
subject ;  it  is  and  must  ever  continue  to  be  an  international  science.  Every 
physician  who  has  the  real  progress  of  medicine  at  heart  should  at  all 
times,  and  despite  all,  see  to  it  that  he  does  all  in  his  power  to  keep  the 
bonds  of  scientific  brotherhood  unbroken. 


Lewellys  F.  Barker. 


1035  :Nr.  Calvert  St, 
Baltimore,  Md. 
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Parti 

General  Plan  for  the  Clinical  Study 

of  a  Patient 

A.    Introduction 

In  no  part  of  medicine  has  greater  progress  been  made  during  the 
last  decade  than  in  clinical  diagnosis*  The  careful  control  of  clinical 
studies  at  the  end  of  the  nineteenth  century  by  means  of  pathological 
anatomy  and  histology  prepared  the  way  for  what  we  are  now  witnessing, 
namely,  a  great  development  of  internal  medicine  as  influenced  by  patho- 
logical physiology.  The  application  of  physical,  chemical  and  biological 
methods  to  the  study  of  disease  during  life  is  what  chiefly  characterizes 
medicine  at  the  banning  of  the  twentieth  century. 

There  is  such  a  wealth  of  new  methods  and  the  data  that  can  be 
accumulated  regarding  a  single  patient  are  so  numerous,  that  one  who 
b^ns  to  work  in  internal  medicine,  unless  carefully  and  judiciously  led, 
may  easily  become  confused  and  find  difficulty  in  deciding  what  is  rel- 
atively important  and  what  relatively  unimportant  in  a  given  instance. 
An  experienced  clinician  gradually  learns  to  select  from  the  multitude 
of  phenomena  presented  to  him  in  a  given  case  the  characteristic  and 
essential  features  of  that  higher  reality,  a  "clinical  picture,"  much  as  an 
artist  on  viewing  nature  selects  and  combines,  for  his  purposes,  the  ele- 
ments necessary  for  his  work  of  art. 

The  science  and  art  of  internal  medicine  are  always  leading  to  the  construction 
of  new  clinical  pictures.  A  student  is  fortunate  when,  in  his  early  work,  he  is 
privileged  to  observe  the  clinical  pictures  constructed  by  masters  of  internal  medi- 
eine,  either  as  demonstrated  to  him  as  living  patients,  or  as  vividly  reported  for 
Inm  80  that  he  may  visualize  the  picture  by  reading  the  records  of  observation  left 
by  sneh  masters.  But  there  is  no  royal  road  to  clinical  knowledge  and  experience; 
the  novice  must  learn  the  technic  of  the  clinical  art,  beginning  with  the  simplest 
methods  of  analysis,  practicing  one  method  after  another,  at  the  bedside  and  in 
the  laboratory,  and  continuing  his  practice  under  instruction,  until  he  attains  to 
skilL  He  must  not  expect  in  his  earlier  analytical  studies  to  be  able  to  judge  of 
the  proportionate  value  of  the  individual  data  obtained  by  analysis.  Only  after 
consideiable  experience  dare  he  hope  to  be  able  properly  to  synthesize  the  data 
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and  to  compose  a  clinical  picture  in  which  the  interest  will  center  in  the  most  im- 
portant f acts,  with  all  the  accessory  facts  duly  subordinated.  Native  capacity  for 
clinical  work  is  essential  to  the  highest  success.  In  the  study  of  pictorial  art  nearly 
everyone  can  learn  to  paint  pictures  by  long  study  and  training,  but  not  everyone 
can  become  a  Velasquez;  similarly,  any  person  of  average  intelligence  can  learn 
the  technic  of  studying  patients,  but  it  is  not  given  to  many  to  compose  clinical 
pictures  as  did  Sydenham  and  Graves,  or  Laennec  and  Trousseau,  or  Friedreich 
and  Kussmaul,  or  Flint,  Janeway,  and  Fitz,  to  mention  only  some  of  the  g^reater 
internists  no  longer  living. 
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9.     Journals 
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Many  other  journals,  American  and  foreign,  tviU  be  referred  to  in  the  individual  references 
throughout  the  book.  For  the  bibliooraphy  of  modem  medicine  the  student  should  consult  the 
Index  CattUogue  of  the  Library  of  the  JsurgeonrGeneraTs  Office  (34  vols.,  1879-1913),  supple^ 
mented  by  the  monthly  "  Index  Medicus  "  (1879-1899;  1903-1916). 


B.    The  Clinical  ffistory 

In  oollecting  the  clinical  data,  preceding  their  synthesis  to  a  '^clinical 
picture,"  in  an  individual  case,  it  is  desirable  to  follow  some  more  or  less 
systematic  plan,  for  otherwise  important  points  may  easily  be  overlooked. 
The  results  of  the  clinical  analysis  are  recorded  in  a  so-called  Clinical 
History. 

The  clinical  history  consists  of  four  parts:  (1)  the  anamnesis,  (2) 
the  status  praesens,  (3)  the  catamnesis,  and  (4)  the  epicrisis. 

1.  Anamnesis. — This  is  the  account  given  by  the  patient  and  his 
friends  of  the  life  of  the  patient  previous  to  the  time  of  examination. 

2.  Status  praesens. — This  is  the  record  of  the  objective  examination  of 
the  patient  by  the  physician,  with  the  aid  of  physical,  chemical,  and 
biological  (including  psychological)  methods. 

3.  Catamnesis. — ^This  is  the  subsequent  history  of  the  patient,  includ- 
ing notes  on  the  course  of  the  disease,  the  kind  of  treatment  used,  and 
the  results  thereof. 

4.  Epicrisis. — This  is  the  physician's  final  judgment  upon  the  case, 
with  discussion  of  all  the  findings.  It  is  especially  valuable  for  science 
in  instances  in  which  the  clinical  history  has  been  controlled  by  surgical 
operation,  or,  in  case  of  death,  by  autopsy. 

1.     The  Anamnesis 

The  taking  of  a  proper  anamnesis  is  not  easy.  It  requires,  if  it  is  to 
be  well  taken,  a  large  experience,  and  a  wide  familiarity  with  the  phe- 
nomena of  disease;  in  the  absence  of  these,  it  is  scarcely  possible,  by 
inquiry,  to  obtain  a  correct  idea  of  the  previous  history  of  the  disease,  and 
of  the  subjective  symptoms  from  which  the  patient  suffers.  An  experi- 
enced clinician  insists,  when  possible,  on  taking  the  anamnesis  himself, 
especially  in  obscure  cases.  He  can  much  more  safely  delegate  the  making 
of  a  physical  examination  to  a  less  experienced  man,  than  deprive  him- 
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self  of  the  knowledge  gained  through  personally  obtaining  the  anamnestic 
data. 

Here,  as  everywhere,  however,  one  has  to  learn  by  doing,  and  in  acquir- 
ing skill  it  is  well,  at  any  rate  for  beginners,  to  follow  a  definite  plan, 
asking  certain  questions,  in  every  case,  in  serial  sequence.  Later  on,  it 
may  be  permissible  to  take  "short  cuts.'^  An  experienced  consultant  will 
sometimes  secure  a  better  anamnesis  in  five  or  ^en  minutes  than  the  fourth 
year  student  can  secure  in  an  hour,  but  the  briefer  route  dare  not  be 
followed  by  the  tyro.  And  even  the  most  skillful  and  experienced  will 
overlook  important  items  if  he  deviate  too  far  from  a  well-ordered  plan, 
or  remain  satisfied  with  too  brief  a  questionaire. 

In  taking  the  anamnesis,  the  physician  tries  to  get  as  exact  a  descrip- 
tion of  the  abnormal  sensations  and  feelings  of  the  patient  as  possible, 
their  duration,  and  the  order  in  which  they  appeared.  In  recording  these, 
it  is  important  to  distinguish  between  the  actual  feelings  and  sensations 
of  the  patient,  and  the  interpretations  or  explanations  he  gives  of  them. 
A  layman'«  diagnosis,  while  often  interesting,  is  not  what  is  most  helpful 
to  the  physician.  When  a  patient  is  asked  how  he  suffers,  he  replies  most 
often  with  a  "diagnosis,'^  saying  that  he  has  "rheumatism,''  or  "catarrh 
of  the  stomach,"  or  "heart  disease."  While  the  physician  will,  for  the 
moment,  patiently  listen  to  such  a  statement,  he  should  at  once  ask  the 
patient  why  he  thinks  he  has  the  trouble  he  mentions,  and  will  put  down 
as  the  complaint  of  the  patient,  not  the  latter's  diagnosis,  but  (1)  any  ob- 
jective changes  the  sick  person  has  noted  himself  and  (2)  the  subjective 
symptoms  upon  which  the  layman's  diagnosis  is  based, 

(a)    The  Present  Illness 

After  recording  the  name,  age,  occupation,  and  residence  of  the  pa- 
tient, the  date  on  which  he  is  first  seen,  and  the  chief  complaints  for 
which  he  seeks  medical  help,  it  is  well  to  ask  particular  questions  about 
flie  present  illness,  when  and  how  it  began,  whether  it  developed  sud- 
denly or  insidiously,  how  it  progressed,  and  any  treatment  followed  before 
consulting  the  physician.  Inquiry  is  made  as  to  loss  of  weight  or  strength, 
«ft  to  capacity  for  work,  or,  if  the  patient  be  in  bed,  as  to  the  time  when 
he  had  to  go  to  bed. 

It  is  well  to  ask  the  patient,  also,  what  he  believes  caused  his  illness, 
knowing,  when  the  question  is  asked,  that  the  sick  man  may  be  wrong 
in  his  belief.  In  this  part  of  the  anamnesis,  important  data  regarding 
(1)  a  preceding  trauma,  (2)  physical  or  mental  overexertion,  (3)  dietetic 
errors,  (4)  exposure  to  cold  and  wet  or  (5)  exposure  to  infection,  may 
be  obtained.  If  the  patient  suffer  from  an  infectious  disease,  the  pos- 
sibilities of  contagion  from  other  cases  in  the  home,  in  the  neighborhood, 
itt  the  school,  or  elsewhere,  should  be  gone  into. 
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After  the  patient  has  described,  voluntarily,  his  main  symptoms,  it 
is  well  to  inquire  systematically  regarding  various  subjective  symptoms 
referable  to  different  parts  of  the  body.  Among  these  may  be  mentioned 
pain  (location,  character,  duration,  time  of  appearance,  things  which 
influence  it,  etc.),  headache  (position,  accompaniments,  frequency),  dizzi- 
ness, ringing  in  the  ears  or  tinnitus,  appetite,  nausea  or  vomiting,  state 
of  digestion,  constipation  or  diarrhea,  presence  or  absence  of  hemorrhoids, 
cough,  sputum,  dyspnea,  palpitation,  retrosternal  pain,  swelling  of  the 
ankles,  micturition,  nocturia,  the  sexual  functions,  sleep,  memory,  con- 
centration of  attention,  depression,  power  of  decision^  fears,  feelings  of 
unreality,  etc. 

In  framing  the  questions,  one  keeps  in  mind  the  commoner  subjective 
symptoms  associated  with  the  different  bodily  systems  (respiratory  system, 
circulatory  system,  digestive  system,  urogenital  system,  locomotor  system, 
nervous  system,  metabolic  system,  endocrine  glands).  A  symptom  referred 
to  a  definite  organ  may  depend  upon  a  distant,  or  a  general,  rather  than 
upon  a  local,  cause ;  thus,  the  complaint  of  dyspnea  need  not  indicate  a  pri- 
mary disease  of  the  lungs  or  of  the  respiratory  passages,  but  may  be  due 
to  intoxication  of  the  nervous  system  from  renal  disease,  to  anemia,  or  to 
some  other  cause.  Similarly,  a  fast  pulse  (tachycardia)  may  not  indicate 
a  primary  disease  of  the  heart,  but  may  depend  upon  an  intoxication  of 
the  sympathetic  nervous  system  due  to  disease  of  the  thyroid  gland  (as 
in  Graves's  disease).  When  the  subjective  symptoms  ]X)int  with  consid- 
erable certainty  to  some  one  of  the  several  systems  of  the  body,  the 
investigation  may  be  supplemented  by  a  whole  list  of  questions  directed 
especially  toward  the  condition  of  the  system  under  suspicion. 

(6)    The  Previous  History  of  the  Patient 

After  gathering  the  important  data  regarding  the  present  illness,  the 
earlier  history  of  the  patient  may  conveniently  be  gone  into,  especially 
with  regard  to  (1)  diseases  of  childhood,  (2)  post-childhood  diseases, 
(3)  the  general  bodily  functions  and  the  sexual  life,  and  (4)  the  patient's 
habits,  education  and  experience. 

Among  the  diseases  of  childhood  concerning  which  we  inquire  are 
included  measles,  German  measles,  diphtheria,  scarlet  fever,  small-pox, 
affections  of  the  lymph  glands,  tonsillitis,  adenoids,  rickets  and  convul- 
sions. 

Of  the  post-childhood  diseases  we  inquire  especially  regarding  infec- 
tions like  typhoid,  malaria,  pneumonia,  and  pleurisy,  and  then  briefly 
record  any  other  serious  disease  passed  through.  In  "nervous  patients," 
we  inquire  especially  regarding  earlier  periods  of  strain,  of  "nervous 
hreakdown,"  or  of  "fainting  spells."  In  men,  the  existence  of  a  preced- 
ing gonorrheal,  luetic,  or  other  venereal  infection  should  always  be  asked 
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about,  and  if  such  an  infection  has  existed,  full  details  regarding  it,  and 
the  treatment  followed,  should  be  recorded. 

The  general  bodily  functions  and  the  sexnal  life  should  be  inquired 
into,  the  latter  to  a  variable  extent  in  different  cases.  Here  the  tact  and 
common  sense  of  the  physician  must  guide  him  as  to  how  much  question- 
ing is  necessary  and  will  be  helpful.  Any  unnecessary  investigation  of 
sexual  matters  is  to  be  deprecated,  but  the  physician  must  not  shrink  from 
any  inquiry  which  may  be  of  importance  for  the  patient's  welfare.  In 
women,  we  inquire  regarding  menstruation,  pregnancies,  puerperal  states, 
interrupted  pregnancies,  children  born  dead,  etc.  In  men,  we  inquire 
regarding  sexual  power  (potentia),  sexual  desire  (libido),  and,  if 
necessary,  regarding  sexual  excesses  or  abnormalities.  Inquiry  regarding 
venereal  disease  has  already  been  referred  to. 

In  inquiring  into  the  habits,  education,  and  experience  of  a  patient  it 
is  necessary  to  know  something  of  his  social  state  (luxury,  poverty)  and 
of  his  mode  of  life  (muscular  and  mental  activities).  Any  possible 
injuries  associated  with  his  occupation  should  be  considered.  The  use 
of  stimulants,  and  especially  any  abuse  of  these,  should  be  investigated 
(tea  and  coffee,  tobacco,  alcohol). 

(c)    The  Family  History 

We  next  study  the  evidence  regarding  the  nature  of  the  germ  plasm 
of  the  patient  as  judged  of  by  the  results  of  inquiries  concerning  his 
ancestors  and  his  children,  for  we  can  get  information  regarding  heredity 
only  through  data  regarding  either  the  antecedents  (direct  or  collateral) 
or  the  descendants  of  the  patient.  We  ask  whether  the  father  and  mother 
are  living,  or,  if  dead,  the  age  and  cause  of  death,  and  what  diseases  they 
suffered  from  during  their  lifetime.  Similar  inquiries  are  made  regard- 
ing the  sibs  (sisters  and  brothers),  and  the  children  of  the  patient.  In 
some  instances,  further  inquiries  regarding  the  family  history  (uncles, 
aunts,  cousins,  nephews  and  nieces,  etc.)  may  be  desirable.  Should  the 
disease  from  which  the  patient  suffers  be  one  in  which  heredity  is 
believed  to  play  a  part  (diabetes,  gout,  alcoholism,  nervous  and  mental 
diseases,  lues,  tuberculosis,  endocrinopathies,  hemophilia,  etc.),  it  may 
be  well  to  construct  a  family  tree,  using  squares  to  represent  the  males 
and  circles  to  represent  the  females,  indicating,  by  some  special  shading, 
the  persons  in  whom  the  disease  appeared. 


2.  The  Present  State  of  the  Patient  (Status  praesens) 

After  taking  the  anamnesis,  the  physician  makes  a  record  of  his  own 
objective  examination  of  the  patient,  of  the  state  in  which  he  finds  him 
(status  praesens).    It  is  customary  to  describe  (1)  the  general  condition 


^ 
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of  the  patient  (attitude  and  gait,  if  up  and  about;  position  assumed,  if 
lying  in  bed;  state  of  nutrition;  strength;  general  appearance  and  habitus; 
facial  expression;  speech;  condition  of  skin;  visible  mucous  membranes, 
and  superficial  blood  vessels) ;  and  (2)  the  results  of  examination  of  the 
various  organs  and  organ-systems  of  the  body.  This  latter  portion  of 
the  record  may  be  made  in  either  one  of  two  ways.  Some  prefer  to 
classify  the  findings  under  headings  corresponding  to  the  individual  sys- 
tems (circulatory,  respiratory,  digestive,  nervous,  urogenital,  etc.)  ;  others 
like  to  clasisify  the  findings  according  to  the  regions  which  are  most  con- 
veniently examined  in  succession  (head,  neck,  thorax,  abdomen,  extremi- 
ties), and,  afterwards,  the  results  of  various  laboratory  tests  are  appended. 
For  systematic  analysis  and  description  in  a  text-book,  the  former  method 
offers  especial  advantages;  but  in  practical  application  at  the  bedside,  the 
latter  method  is  the  easier  to  follow. 

(a)    The  General  Condition  of  the  Patient 

L    Gait  and  Attitude 

If  the  patient  be  up  and  about,  we  can  form  some  idea  of  the  state  of 
his  muscles,  his  nervous  system,  and  especially  his  organs  of  equilibrium, 
from  the  position  he  assumes  and  the  way  he  walks.  The  experienced 
physician  can  also,  from  the  first  glance  at  the  patient,  gather  data  which 
help  him  to  "size  up"  the  individual — to  "place  him" — physically,  psy- 
chically, and  socially.  Occupation,  study,  and  social  surroundings  leave 
their  stamp  upon  the  individual.  The  greater  the  physician's  knowledge  of 
the  worlds  and  the  wider  his  experience  among  all  classes  of  human  beings, 
the  more  acute  will  he  be,  other  things  being  equal,  in  his  discernment  at 
the  first  encounter  with  the  patient.  Insight  into  human  nature,  tact, 
sympathy,  and  good  judgment  are  the  qualities  in  the  physician,  which 
at  the  first  meeting  help  to  gain  access  to  the  patient's  personality  and  to 
inspire  his  confidence. 

The  different  forms  of  abnormal  gait  and  attitude  are  described  in 
the  section  on  examination  of  the  nervous  system. 

ii.    Pofiitioii  of  the  Patient  in  Bed 


The  patient  usually  assumes  the  position  which  is  most  comfortable 
for  him.  If  an  unusual  position  is  maintained,  the  reason  for  it  should 
be  sought ;  it  may  be  the  only  position  possible  for  the  patient. 

To  a  certain  extent  the  breathing  of  a  patient  determines  his  posture 
in  bed ;  the  more  marked  the  shortness  of  breath,  the  less  possible  is  the 
recumbent  posture.  A  patient  may  be  compelled  to  sit  up  in  bed  in  order 
to  breathe  (orthopnea).  The  details  of  the  various  postures  assumed  by 
patients  have  been  made  the  object  of  an  especial  study  by  Ebstein  (q.  v.). 


PLAN   POE   CLINICAL   STUDY   OF   PATIENT 


Ebttetn  (£.).  UAer  Lage  wtd  Lagerung  von  Kranken  it.  _. 
liacher  BeiUkitng.  Et^tbn.  d.  inn.  Med.  ■ 
mi,  S79-4SS. 

iiL    Hei^  Wei^f  and  Bdld 

It  IB  well  to  record  the  patient's  exact  height  in  cubic  centimeters,  to 
estimate  from  this,  by  one  of  tbe  formulae  available  (see  chapter  on 
Obesity),  what  his  ideal  weight  would  be,  and  to  place  beside  this  his 
actual  weight  as  determined  by  the  scales.  A  note  should  be  made  also 
as  t4>  the  bovy  framework  (strong;  delicate),  the  muscvlatwe  (well  devel- 


Flg.  1.— The  M«le  Skeleton,  1— Anterior  View  :    2— Posterior    View  :    3 — Lateral    View. 

oped;  feeble),  and  the  amount  of  subcutaneous  fat.  In  connection  with 
the  bony  framework,  the  "span"  or  distance  between  the  tipa  of  tbe  fingers 
of  tho  two  hands  when  the  arms  are  stretched  out  horizontally  from  the 
shoulders,  and  also  the  form  of  the  thorax  (normal,  paralytic,  pyriform, 
emphysematous,  rickety,  pigeon-breast,  funnel-cbest,  etc.)  should  be  noted. 
The  general  habitus  of  the  patient  should  be  recoriled  (habitus  astheuicus, 
habitus  phthisiciis,  habitus  apoplccticus,  etc.).     In  abnormal  cases,  besides 
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the  nieasurem«nts  of  the  epigastric  angle,  the  Bocalled  Lenhoff  index  may 
be  delermined — that  is,  the  distance  from  the  epistemal  notch  to  the 
symphysis  pubis,  multiplied  by  100,  divided  by  the  minimal  circumference 
of  the  abdomen.    In  normal  women,  in  the  recumbent  position,  this  index 


FIr,  2.— The  Female  Skeleton,  1— Anfertor  View  ;  2— Porterlor  View :  3— Lateral  View. 

averages  75.  In  men  it  is  generally  less  than  T5.  A  higher  index  (over 
SO)  is  met  with  in  individuals  with  general  visceroptosis  (asthenia  uni- 
reraalis  congenita). 

A  note  should  be  made  of  any  anomalies  of  development  (e.  g,,  super- 
niunerary  fingers  or  toes;  supernumerary  nipples),  or  of  any  "stigmata  of 
•l^ueration"  visible. 

h.    Mental  State 

At  the  very  beginning  of  the  objective  examination,  a  note  ia  made 
of  the  general  Tttental  state  of  the  patient,  whether  he  is  conscious  or 
unconscious,  restless  or  delirious,  and  whether  the  state  be  one  of  apathy, 
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of  stupor,  of  drowainess  (sopor)  or  of  deep  uncongciouanesa  (coma).  One 
notes  whether  the  speech  is  normal  or  abnormal  (hesitation,  stuttering, 
syllable  stumbling,  dysarthria,  asphasia,  aphonia).  One's  first  impres- 
sions regarding  the  memory  of  the  patient  for  recent  events,  and  his  nwod 
(depression,  euphoria)  should  also  he  recorded.  These  first  Impressions 
may  give  clues  for  the  course  of  a  precise  psychiatric  examination  to  be 
made  later. 

V.    Body  Tenveratnre 

This  is  taken  by  means  of  a  clinical  thermometer,  either  by  mouth, 
by  axilla,  or  by  rectum  (see  Diagnosis  of  Infectious  Diseases),  and  the 

result  recorded  in  a  tetur 
peraiure  chart,  on  which 
the  number  of  respira- 
tions and  tlic  pulse  rate 
per  minute,  the  number 
of  stools  per  day,  and 
the  amount  of  urine  (in 
cubic  centimeters)  void- 
ed each  24  hours,  may 
also  be  noted. 

Ti.    Skin  and  Visible  Ma- 
cons  Membranes 

The  color,  thickness 

and  transparency  of  the 

skin  are  observed.     An 

abnormal   pallor   may 

point  to  anemia,  or  at 

any  rate  to  the  necessity 

for  a  blood  examina- 
FlB.  3, — Suppmumernrj  Nlpplps,  wh*ii  Prcseat,  Other  Stig-       .,  ,  ,, 

Diiita  of  DMcnciatloD  Should  B«  Looked  Far.     (Mpdical        tlOn.      After  SOme  CXpe- 
crinlc,  J.  if.  11.1  -  1  ..      J- 

rience  one  leama  to  dis- 
tinguish between  the  pallor  due  to  secondary  anemias  (following  hemor- 
rhages or  wasting  diseases)  or  to  the  pseudo-anemias  (oligemia,  etc.),  and 
the  peculiar  waxy  color  of  the  skin  seen  in  chlorosis  (transparent  yellowish 
white  or  alabaster  white),  or  lemon-yellow  tint  or  straw-yellow  tint  seen 
in  the  Addison-Eiermer  type  of  hemolytic  anemia.  Pallor  is  not  always 
due  to  anemia,  but  may  be  due  to  a  pseudo-anemia,  in  which  there  is  an 
abnormally  small  supply  of  blood  in  the  vessels  of  the  skin  (collapse, 
tobacco  poisoning,  mitral  stenosis,  syncope,  aortic  insufficiency). 

An  BbQonnally  red  skin,  due  to  dilatation  of  the  vessels,  may  be  tran- 
sient (blushing,  emotional  excitement),  or  more  permanent,  as  in  fever, 
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alcoholic  intoxication,  polycythemia  rubra,  or  congestions  of  the  head  due 
to  disturbance  of  sympathetic  innervation. 

Sometimes  the  skin  looks  bluish  red,  or  cyanotic.  When  the  whole 
skin  assumes  this  color  (general  cyanosis)  the  cause  may  lie  in  general 
venous  stasis,  due  to  faulty  action  of  the  right  ventricle  (myocardial 
insufficiency;  congenital  heart  disease),  or  to  interference  with  the  gas 
interchange  in  the  lungs  (dyspnea  from  various  causes,  emphysema,  etc.), 
or,  again,  to  polyglobulia. 

A  local  cyanosis  depends  usually  upon  local  obstruction  (pressure, 
thrombosis)  to  venous  outflow,  or  it  may  be  secondary  to  hindrance  to  the 
arterial  flow  in  the  periphery,  in  which  event  the  skin  over  the  cyanotic 
part  feels  cold.  In  the  latter  case,  the  danger  of  gangrene  should  always 
be  kept  in  mind.  Among  the  forms  of  local  cyanosis,  or  asphyxiation, 
may  be  mentioned:  (1)  that  occurring  in  the  fingers  or  toes  in  Raynaud's 
disease,  and  (2)  that  due  to  crises  of  arterial  constriction  in  arteriosclerosis. 

When  the  skin  becomes  yellow,  due  to  the  deposit  in  it  of  bile  pigment, 
the  sclerae  of  the  eye  beneath  the  conjunctivae  will  also  be  seen  to  be 
yellow.  Such  a  discoloration,  known  as  jaundice,  or  icterus,  follows  upon 
the  entrance  of  bile  into  the  general  circulation  (see  Diseases  of  the 
Liver). 

A  peculiar  bronzed  appearance  of  the  skin  is  met  with  in  that  remark- 
able disease  of  the  suprarenal  glands  known  as  Addison's  disease.  The 
bronzing  affects  mostly  the  exposed  parts  of  the  body  and  those  areas  that 
are  normally  more  or  less  pigmented  (face,  neck,  waist,  breasts,  linea  alba, 
axillae,  perineum),  as  well  as  those  that  are  exposed  to  the  pressure  of 
the  clothing.  The  bronzing  may  affect  the  mucous  membrane  of  the  mouth, 
and,  in  white  people,  this  is  of  diagnostic  importance;  "blue  gums"  in 
the  negro  may  not  represent  any  abnormality.  The  fingernails  do  not 
become  pigmented  in  Addison's  disease. 

Another  form  of  bronzing,  usually  not  so  dark  as  that  seen  in  Addi- 
son's disease,  is  the  brown  discoloration  met  with  in  hemochromatosis 
(q.  V.)  and  in  the  so-called  "bronze  diabetes,"  which  so  often  accompanies 
its  later  stages.  If  a  bit  of  the  skin  be  excised  for  histological  study, 
characteristic  changes  are  found. 

Local  pigmentations  in  the  skin  follow  upon  local  irritation  of  various 
sorts,  especially  in  people  of  dark  complexion;  thus,  after  sunburn, 
exposure  to  the  x-ray,  the  application  of  plasters  or  of  heat,  areas  of 
pigmentation  appear.  Similarly,  after  skin  lesions  (eruptions,  ulcers, 
herpes),  the  skin  becomes  pigmented.  Pigmentation,  associated  with 
scratch-marks  and  filth  of  the  skin,  is  common  in  pediculosis  (morbus 
vagabondi).  Sometimes,  in  pediculosis  pubis,  small  blue  spots  {laches 
hleuatres;  maculae  caeruleae)  appear  on  the  abdomen  and  on  the  thighs. 

In  pregnancy,  the  normal  pigment  deposits  of  the  body  are  increased 
in  amount  (chloasma  uterinum).     In  Graves's  disease,  in  chronic  tuber- 
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culosis,  and  in  chronic  lues,  a  general  yellowish,  or  brownish,  pigmenta- 
tion of  the  skin  is  not  uncommon. 

Peculiar  pigmentations  of  the  skin  may  follow  the  use  of  drugs ;  thus, 
patients  suffering  from  gastric  ulcer  or  from  tabes,  for  which  silver  nitrate 
has  been  taken  over  long  periods,  may  exhibit  a  general,  dirty  gray,  or 
bluish  gray  pigmentation  of  the  skin  known  as  argyria.  If  arsenic  be  taken 
for  over  three  months  at  a  time  a  general  darkening  of  the  skin  not  infre- 
quently occurs  (arsenical  melanosis). 

The  skin  varies  in  its  thickness  and  in  its  moisture.  A  thick,  dry, 
harsh  skin  is  met  with  in  myxedema;  a  thin,  moist,  transparent  skin  is 
common  in  Graves's  disease.    A  fishlike,  scaly  skin  is  known  as  ichthyosis. 

The  moisture  of  the  skin  depends  largely  upon  the  secretion  of  sweat, 
which  is  under  the  control  of  the  autonomic  nervous  system;  thus,  very 
abundant  sweating  (hyperhydrosis)  is  common  in  vagotonic  states,  while 
dryness  of  the  skin  (hypohydrosis)  is  common  in  sympathicotonic  states. 
Sweats  are  common  in  the  course  of  various  infectious  diseases  (acute 
rheumatic  fever,  pulmonary  tuberculosis,  sepsis,  malaria).  After  pro- 
fuse sweating,  it  is  common  to  find  on  the  skin  of  the  trunk  numerous 
vesicles  (miliaria  crystallina),  the  size  of  a  pin's  head  or  smaller,  which 
look  like  minute  dewdrops.  They  are  little  retention  cysts,  due  to  tem- 
porary obstruction  of  the  sweat  glands.  Sometimes  the  sweat  is  colored 
and  stains  the  clothing;  thus,  in  infections  with  the  Bacillus  pyocyaneus, 
the  sweat  may  be  greenish  blue;  in  jaundice,  it  may  be  yellow.  Red 
sweat,  or  so-called  bloody  sweat,  has  been  shown  to  be  due  to  the  presence 
of  the  Bacillus  prodigiosus. 

Outaneons  eruptions  (macular,  papular,  vesicular,  etc.),  or  exanthemSy 
should  always  be  carefully  studied ;  thus,  rose  spots  upon  the  abdomen  or 
back  may  be  helpful  in  the  diagnosis  of  typhoid  fever.  An  early  acquaint- 
ance with  the  eruption  in  the  acute  exanthematous  diseases  (scarlet  fever, 
measles,  chicken-pox,  small-pox,  etc.)  is  desirable,  in  order  that  humiliat- 
ing mistakes  may  be  avoided.  The  copper-tint  common  to  luetic  eruptions 
is  very  characteristic,  and  once  observed,  is  easily  recognizable. 

If  hemorrhages  are  present  in  the  skin,  their  form,  size  and  distribu- 
tion should  be  noted.  Minute,  punctiform  hemorrhages  are  spoken  of  as 
petechiae;  larger  hemorrliages  are  referred  to  as  ecchymoses,  or  blood- 
extravasations.  Petechiae  should  not  be  confused  with  minute  naevi  or 
telangiectases;  when  the  latter  are  multiple  they  are  sometimes  associated 
with  recurring  epistaxis  (Osier). 

Petechiae  may  be  due  to  insect  bites,  to  septic  emboli  of  the  cutaneous 
vessels,  or  to  hemorrhages  dependent  upon  diseases  associated  with  the 
so-called  hemorrhagic  diathesis. 

The  presence  of  ulcers,  scars,  or  bed-sores,  and  their  size,  location, 
and  cause  (when  ascertainable),  should  be  recorded. 
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Yu»    GoDateral  Qrcuktioiis 

The  existence  of  dilated  blood  Tessels  in  any  part  of  the  body  should  be 
mentioned,  if  found;  thus,  varicose  veins  of  the  leg,  varicocele,  and  coir 
laieral  circulations  should  be  looked  for. 

In  obstruction  of  the  portal  vein,  developing  gradually  (as  in  cirrhosis 
of  the  liver,  or  in  lues  hepatis),  the  blood  from  the  portal  domain  finds 
its  way  into  the  venae  cavae  by  three  roundabout  routes : 

1.  Through  the  anastomoses  of  the  superior  gastric  veins  with  the 
esophageal  veins  to  the  vena  azygos,  accounting  for  esophageal  varix  and 
the  hematemesis  so  common  in  cirrhosis  hepatis; 

2.  Through  the  anastomoses  of  the  inferior  mesenteric  veins  with  the 
hemorrhoidal  veins  (accounting  for  the  anal  hemorrhoids  so  common  in 
cirrhosis  hepatis  and  in  chronic  constipation)  ; 

3.  Through  the  parumbilical  veins  (a)  to  the  internal  mammary  veins 
and  superior  cava,  above,  and  (b)  to  the  inferior  epigastric  veins  and  the 
femoral  and  iliac  veins  and  the  inferior  cava,  below,  thus  accounting  for 
those  large  tortuous  "central  veins''  radiating  out  from  the  umbilicus  and 
known  as  the  caput  medusae  often  seen  in  cirrhosis  hepatis. 
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In  obstmction  of  the  ]iif«rior  vena  cava,  from  abnormal  presBure  of 
any  sort  in  the  abdomen,  it  is  tbe  lateral  veins  of  tbe  abdominid  wall  that 
are  dilated  in  the  formation  of  tbe  coUateral'circulatioa,  ratber  tban  the 
central  veins  mentioned  above  as  concerned  after  portal  obstruction.    Here, 
also,  tbe  venous  outflow  from 
the  lower  extremities  is  inter- 
fered with  (cyanosis;  edema). 
In  cirrhosis  bepatis,  with  as- 
cites, there  may  b©  obstruction 
both  of  the  portal  circulation 
and  of  tbe  circulation  through 
the  inferior  vena  cava. 

Pulsating  sDbcataneoiu  ar- 
teries on  tbe  trunk  may  be  ob- 
served in  instances  of  congenital 
narrowing  of  tbe  aorta. 

Reference 


vnihanportofeiah' 
leen  etue».  Johtu 
Hopkint  Hoap,  Rep., 
BaUimore,  1911,  xoi, 
SeS-B48. 

■n&.    Edema 

In  edema  of  the  akin  and  of 
tbe  subcutaneous  tissue,  there  is 
an  increased  amount  of  fluid  in 
tbe  tissues ;  tbe  part  is  swollen, 
tense,  and,  sometimes,  glistening 
and  pale.  In  non-inflammatory 
edema,  tbe  part  is  not  painfuL 
When  pressed  upon  with  tbe 
finger,  a  depression  remains 
for  some  time  after  the  pressure  has  been  removed.  In  edema  of  the 
extremities,  tbe  normal  contours  disappear.  In  fresh  edema,  the  skin  is 
easily  indented  with  tbe  finger-tip,  but  when  tbe  edema  has  lasted  a  long 
time  this  grows  ever  more  difficult  (boggy  edema ;  tough  edema). 

When  edema  exists,  its  cause  should  always  be  sought  While  in  all 
cases  edema  arises  through  disturbance  of  the  relation  between  tbe  for- 
mation of  lymph  and  tbe  outflow  of  lymph  from  the  tissues,  this  disturb- 
ance can  arise  from  several  different  causes.    It  may  be  due: 

1.  To  venous  stasis  (itaBls  edema),  then  occurring  first  in  tbe  depend- 
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ent  parts  of  the  body,  the  ankles  on  standing,  the  back  and  hips  when  in 
the  recumbent  posture; 

2.  To  the  injury  of  the  blood  vessels  of  the  skin  occurring  in  acute 
nephritis  (nephritic  edema),  then  appearing,  usually,  first  in  the  face,  and 
especially  in  the  loose  subcutaneous  tissue  of  the  eyelids ;  * 

3.  To  various  inflammations  and  intoxications  in  which  no  evidence 
of  cardiac  or  renal  disease  exists  (cachectic,  toxic  and  inflammatory  ede- 
mas), as,  for  instance,  in  the  course  of  malignant  neoplasms  or  the  severe 
anemias,  or  in  "serum  disease" ; 

4.  To  abnormal  autonomic  innervations  (angioneurotic  edema,  or 
Quincke's  edema),  as  in  transitory  edema  of  the  upper  lip,  the  parts  about 
one  eye,  eta 

iz.    The  I^ymph  Glands 

In  healthy  individuals,  the  lymph  glands  are  scarcely  palpable,  but 
in  pathological  states  they  may  become  enlarged,  either  all  over  the  body, 
or  (and  this  fact  is  very  important  for  diagnosis)  in  the  regions  closest 
to  some  diseased  part  or  organ.  When  enlarged,  they  can  be  felt  as  round 
or  bean-shaped  lumps,  singly  or  in  groups,  in  the  subcutaneous  tissue. 
One  should  ascertain  whether  or  not  they  are  soft  or  hard,  tender  or 
painless  on  pressure,  discrete  or  matted  together  and  adherent.  It  is 
well,  in  every  case,  to  palpate  systematically  the  principal  accessible 
lymph-gland  areas  (epitrochlear,  preauricular,  submaxillary,  retrocer- 
vical,  jugular,  supraclavicular,  infraclavicular,  axillary,  paramamillary, 
thoracic,  abdominal,  inguinal,  popliteal).  If  there  is  general  enlarge- 
ment of  all  the  glands,  one  thinks  of  some  general  infectious  or  toxic 
process  (syphilis,  tuberculosis,  Hodgkin's  disease,  infectious  polyarthritis, 
leukemia,  aleukemic  lymphadenosis,  etc.).  If  there  is  swelling  of  certain 
groups  only,  one  looks  for  local  infections  in  the  regions  drained  by  the 
particular  group  concerned  (tuberculosis,  pyogenic  infections,  plague, 
local  arthritis,  chancres,  eczemas),  or  for  some  neoplasm  metastasizing  in 
the  gland?  (carcinoma).  (A  fuller  account  of  the  diseases  affecting  the 
lymjih  glands  will  be  found  in  Part  VII.) 

(b)    The  Condition  of  Special  Regions  and  Systems 

The  further  course  of  the  objective  examination  of  the  patient  will 
depend,  for  its  order,  upon  which  of  the  two  plans  already  mentioned — 
(1)  that  of  regions  and  (2)  that  of  organ-systertis — is  adopted. 

L    Examination  Aocordinii  to  Reiiions 

Those  who  prefer,  on  account  of  convenience,  to  examine  the  body  by 
regions,  irrespective  of  the  systems  of  organs  in  each  region,  will,  after 

^  The  edema  occurring  in  contracted  kidney  is  rarely  a  nephritic  edema  in  the 
sense  mentioned,  but  is  most  often  a  stasis  edema  due  to  myocardial  insufficiency. 
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making  notes  on  the  general  state  of  the  body,  examine  systematically  and 
record  their  findings  in  the  following  regions: 

1.  Head  (skull,  face,  eyes,  ears,  nose,  lips,  mouth  cavity,  tongue, 
throat). 

2.  Neck  (form,  thyroid,  lymph  glands,  skin,  vessels,  larynx,  esoph- 
agus, cervical  spine). 

3.  Thorax  (inspection,  palpation,  percussion,  auscultation,  mensu- 
ration). 

4.  Abdomen  (inspection,  palpation,  percussion,  auscultation,  mensu- 
ration). 

5.  Extremities  (condition  of  skin,  bones,  joints  and  muscles;  motil- 
ity, sensibility,  reflexes,  etc.). 

6.  Laboratory  examinations  (urine,  sputum,  stomach  juice,  feces, 
blood,  cerebrospinal  fluid,  x-ray  examinations,  etc.). 

ii.    Eramination  AccordiniE  to  Systems 

Those  who  follow  the  second  plan,  and  make  their  examinations  more 
strictly  according  to  the  individual  organ-systems,  independent  of  the 
body  regions,  will  group  their  findings,  say,  under  the  following  headings: 

1.  Osseous  system  (skull,  spine,  thorax,  pelvis,  extremities). 

2.  Skin  and  subcutaneous  tissue  (color,  elasticity,  turgor,  moisture, 
edema,  exanthems,  pigmentations,  striae,  scars,  collateral  circulations). 

3.  Muscular  system  (atrophy,  hypertrophy,  electrical  examination). 

4.  Joints  (mobility,  swelling,  pain,  x-rays). 

6.  Lymph  glands  (enlargements,  consistence,  etc.). 

6.  Circulatory  apparatus  (pulse  and  pulse- tracings,  blood  pressure, 
inspection,  palpation,  percussion  and  auscultation  of  heart,  functional 
tests,  rontgenoscopy,  telerontgenography,  electrocardiography). 

7.  Respiratory  apparatus  (thorax  anomalies;  respiration;  inspection; 
palpation,  percussion  and  auscultation  of  lungs ;  sputum ;  nose ;  paranasal 
sinuses;  larynx;  transillumination;  rontgenoscopy;  rontgenography). 

8.  Digestive  apparatus  (mouth,  tongue,  pharynx,  esophagus,  stomach, 
intestine,  liver,  pancreas,  spleen,  functional  tests  of  secretion  and  motil- 
ity, rontgenoscopy  and  rontgenography). 

9.  Urogenital  apparatus  and  urine  (kidneys,  bladder,  genitals,  urine). 

10.  Blood  and  blood-building  organs  (hemoglobin,  enumeration  of 
formed  elements,  fresh  blood  slide,  dried  and  stained  smears,  parasites, 
bacteriological  and  serological  examinations). 

11.  Nervous  system  and  sense-organs  (mental  state,  common  sensibil- 
ity, organs  of  special  sense,  motility,  coordination,  reflexes,  autonomic 
functions,  speech,  identification,  praxia). 

12.  Metabolic  functions  and  endocrine  glands. 
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13.  Evidences  of  infection,  immmiity,  and  anaphylaxis. 

Most  clinicians  come  to  some  compromise  between  Plan  I  and  Plan  XL 
It  is  rarely  that  either  plan  is  strictly  followed. 


ilk    Gombined  Plan  of  History 

The  following  schedule  is  one  found  convenient  by  the  author  for  his 
own  clinical  records. 

/.    Anamnesis 

1.  Preliminary  Data:    Name  in  full;  age;  state;  occupation;  home 
address;  date  of  examination;  chief  complaint 

2.  History  of  Present  Illness. 

A.  Date  and  mode  of  onset;  possible  causes  (intoxication,  infec- 
tion, physical  or  psychic  trauma,  occupation  injury,  dietetic 
errors,  exposure  to  cold  or  wet,  exposure  to  contagion)  ;  course 
from  beginning  to  time  of  consultation;  treatment  followed 
hitherto. 

B.  Epitome  of  symptoms  existing  at  time  of  consultation  (pains 
headache;  dizziness;  visual  or  auditory  disturbances;  cough 
sputum;  dyspnea;  palpitation;  appetite;  nausea  or  vomiting 
eructations;  constipation  or  diarrhea;  hemorrhoids;  sweats 
sleep;  urine;  nocturnal  micturition;  changes  in  body-weight 
menstruation;  libido;  potentia;  nervous  or  mental  symptoms). 

3.  Previous  History  of  Patient. 

A.  Diseases  that  the  patient  has  earlier  had. 

(a)  Diseases  of  childhood:  measles,  scarlet  fever,  diphtheria, 
"scrofula,"  congenital  lues,  etc 

(b)  Post-childhood  diseases:  infections  (typhoid,  pneumonia, 
acute  rheumatic  fever,  tonsillitis,  gonorrhea,  lues)  ;  dis- 
eases of  various  systems  (circulatory,  nervous,  etc) ; 
surgical  operations. 

B.  Remarks  on  the  general  bodily  functions  (inclusive  of  the 
sexual)  in  earlier  life;  respiratory;  circulatory;  digestive; 
urogenital;  nervous. 

In  women:  menstruation;  births;  puerperal  periods;  miscar- 
riages; chlorosis. 
In  m£n:  libido;  potentia;  sexual  excesses;  pollutions. 

C.  Habits,  Education,  Experience: 

(a)  Work;  exercise;  rest;  diversion. 

(b)  Food  (amount;  variety;  time  of  meals;  mastication). 

(c)  Alcohol  (beer;  wine;  whiskey;  cocktails,  etc.). 
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(d)  Tobacco    (cigars;    cigarettes;    pipes;    chewing    tobacco; 
snuff). 

(e)  Tea  and  coffee. 

(f)  Drugs  (trional;  veronal,  cocain;  morphin;  heroin;  coca 
cola;  bromoseltzer,  etc.). 

(g)  Education  (time;  places;  character). 

(h)  Experience  (occupation;  travel;  social  life,  etc.). 

4.  Family  History. 

(A)  Age  if  living,  or  at  time  of  death,  of  (1)  parents,  (2)  sibs 
(sisters  and  brothers),  and  (3)  children.     Health  of  each. 

(B)  Instances  among  near,  or  distant,  relatives  of  diseases  in 
which  either  heredity^  or  contact^  may  play  a  role  (tubercu- 
losis; syphilis;  nervous  and  mental  diseases;  alcoholism; 
metabolic  disturbances;  endocrinopathies ;  neoplasms). 

//.    Status  praesens 

1.  General  Points. 

A.  Gait;  attitude;  posture. 

B.  Height;  weight;  build  (habitus);  nutrition;  musculature. 

C.  Mental  state. 

D.  Skin:  Color  (pallor,  rubor,  cyanosis),  thickness,  transparency, 
moisture,  eruptions,  edema,  pigmentations,  scars,  striae,  dilated 
veins,  pulsating  arteries. 

E.  Body-temperature.     Striking  phenomena  ("snap-shot"  diagnosis). 

F.  Lymph  glands;  bones;  joints;  muscles. 

G.  Radial  pulse  on  both  sides;  blood  pressure. 

2.  Regional  Examination. 

Head.  Form  of  skull;  facial  expression;  conjunctivae;  eye  move- 
ments; pupils;  6ars  (tophi);  hearing;  sense  of  smell;  nasal 
obstruction;  lips;  tongue;  teeth;  gums ;. throat ;  facial  and  lingual 
movements ;  speech. 

Neck.  Length  and  breadth ;  thyroid ;  larynx ;  trachea ;  tracheal  tug ; 
esophagus;  blood  vessels;  lymph  glands;  cervical  spine;  cervical 
ribs. 

Thorax.  Form;  epigastric  angle;  depressions  or  bulgings;  dilated 
veins;  breasts. 

Lungs. 

Inspection.  Respiratory  movements:  number;  type  (costal,  ab- 
dominal, dyspneic,   orthopneic,   depth,   symmetry) ;    Litten's 

sign. 
Palpation.      Respiratory    movements;    vocal    fremitus;    friction 

fremitus. 
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Percussion,     Lung  limits;  comparative  percussion  of  two  lungs. 

Auscultation,     Breath  sounds;  voice  sounds;  pleural  sounds. 
Heabt  and  Aobta. 

Inspection,    Heart  base;  abnormal  pulsations;  apex  beat. 

Palpation,    Apex  beat;  other  pulsations;  shocks;  thrills. 

Percussion,  Superficial  and  deep  cardiac  dullness;  retrosternal 
dullness. 

Auscultation,      Heart    sounds;    aneurysmal    bruit;    pericardial 
sounds. 
Abdomen  and  Pelvis. 

Inspection,  Form  (retraction,  distension)  ;  position  of  umbilicus; 
changes  during  respiration;  tumors  or  other  bulgings;  col- 
lateral circulations;  visible  peristalsis;  hernias;  strength  of 
Mm.  recti. 

Palpation,  Rigidity;  local  or  general  tenderness;  hernial  sites; 
tumor  masses;  stomach;  intestine  (small;  appendix;  cecum; 
transverse  colon;  sigmoid)  ;  spleen;  liver;  pancreas;  kidneys; 
suprapubic  r^on;  inguinal  regions;  rectal  examination; 
vaginal  examination;  genitals. 

Percussion,  Ascites;  meteorism;  stomach;  liver;  spleen;  bladder; 
uterus;  tumor  masses. 

Auscultation,     Friction  sounds;  aneurysmal  bruits. 
Nebvous  System. 

Sensory,  Cutaneous  and  deep  sensibility;  stereognosis ;  sight; 
hearing;  taste;  smell. 

Motor,     Muscular  power;  finer  movements;  coordination;  tonus. 

Reflexes,  Pupils;  knee-jerks;  ankle-jerks;  periosteal  radial; 
biceps  and  triceps  jerks;  plantar  and  abdominal  reflexes; 
sphincters. 

Autonomic,  Vasomotors;  secretory;  trophic  (sweat-glands,  nails, 
hair,  skin,  etc.) 

Psychic,     Orientation;   memory;   calculation;   attention;   halluci- 
nations; delusions;  mood,  etc. 
Laboratoey  Tests    (Rouiine),     Urine;   blood;   sputum    (if   any); 

Wassermann* 
Laboeatoey  Tests  (//  indicated).     Stomach  juice;  feces;  cerebro- 
spinal fluid;  x-ray  examinations;  tuberculin  tests;  metabolic 
studies;  electrocardiogram,  etc. 

3.    Gatamnesis 

If  the  clinician  is  to  profit  by  his  experience,  it  is  essential  that  he 
keep  careful  records  of  the  history  of  his  patients  after  they  are  first  seen 
and  examined,  including  the  subsequent  examinations  made  from  time  to 


21  PLAN   FOE   CLINICAL   STUDY   OF   PATIENT 

time,  with  observations  upon  the  course  followed  by  the  disease,  the  kinds 
of  therapy  used,  and  their  effects.  Many  hospital  histories  are  fairly 
complete  as  far  as  anamnesis  and  status  praesens  are  concerned,  but  are 
woefully  lacking  as  regards  the  catamnesis;  the  same  defect  is  too  often 
true  of  the  records  kept  by  physicians  in  their  private  practice. 


4.    Epicrisis 

Every  practitioner  of  medicine  should  feel  it  his  duty  to  contribute, 
whenever  possible,  to  the  advance  of  medical  knowledge.  He  should  be 
on  the  lookout  for  cases  that  can  be  of  interest  for  science,  and  should 
see  to  it  that  such  cases  are  thoroughly  studied,  and  the  results  given  to 
his  fellow  practitioners.  Even  if  he  be  too  busy  to  undertake  the  scien- 
tific studies  himself,  he  should,  when  he  recognizes  suitable  opportunity, 
call  the  attention  of  scientific  workers  to  the  case,  and  at  least  give  them 
the  opportunity  of  investigation. 

In  the  epicrisis,  the  final  judgment  upon  a  case  is  recorded,  with  dis- 
cussion of  the  meaning  of  the  symptoms  and  signs.  When  an  operation 
has  been  performed,  or,  in  case  of  death,  when  an  autopsy  has  been  done, 
the  findings  are  correlated  as  far  as  possible  with  the  observations  made 
before  operation  or  before  autopsy. 

It  would  be  well  if  every  practitioner  would  go  over  his  list  of  patients 
from  time  to  time  and  attempt  an  epicrisis  in  each  one.  He  will  often 
be  surprised  at  what  he  finds,  and  his  clinical  judgment  should  be  greatly 
improved  if  he  will  follow  the  practice. 
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G.    General  Remarks  on  Diagnostic  Metliods 

The  time-honored  methods  of  physical  examination — inspection,  pal- 
pation, percussion,  auscultation,  mensuration — are  still  the  most  impor- 
tant diagnostic  methods.  To  them  have  been  added  in  recent  years  a 
large  number  of  other  methods — physical,  chemical  and  biological — and 
many  of  these  have  now  become  indispensable  for  the  diagnostician* 

All  methods  of  physical  examination  depend  upon  the  utilization  of 
the  sense-organs  of  the  examiner  (sight,  hearing,  touch,  temperature 
sense,  taste,  smell).  The  experienced  clinician  can  make  an  extensive 
examination  with  his  unaided  sense-organs,  but,  as  the  science  of  medi- 
cine grows,  the  sense-organs  of  the  examiner  have  to  be  aided  by  an 
increasing  number  of  methods  devised  to  extend  these  observing  powers. 
Thus,  through  the  help  of  the  microscope  (with  or  without  the  aid  of 
selective  dyes),  the  ophthalmoscope,  the  laryngoscope,  the  bronchoscope,  the 
gastroscope,  the  sigmoidoscope,  the  cystoscope,  the  spectroscope,  the 
colorimeter,  the  polarimeter,  the  refractometer,  etc.,  the  eye  gains  access 
to  fields  invisible  without  these  accessories. 

Through  the  stethoscope  the  ear  can  be  made  to  hear  sounds  which 
wotdd  otherwise  escape  it;  by  means  of  the  electrophonograph,  sound 
vibrations  at  present  inaccessible,  even  to  the  aided  ear,  can  be  registered 
and  interpreted  by  the  eye.  Our  impressions  of  the  temperature  of  a 
patient  gained  through  our  own  temperature  sense  are  crude  and  inaccu- 
rate compared  with  the  exact  information  yielded  by  the  clinical  ther- 
mometer. The  palpation  of  the  pulse  by  the  fingers  will  tell  much  con- 
cerning the  rhythm  and  the  blood  pressure,  but  instrumental  methods  of 
examination  (sphygmograph,  sphygmomanometer,  electrocardiograph) 
permit  of  still  more  accurate  analysis,  and  a  comparison  of  the  results 
obtained  by  the  unaided  sense-organs  with  those  obtained  by  instrumental 
methods  through  a  certain  period  of  time  greatly  increases  the  knowledge 
obtainable  by  the  former. 

No  hard  and  fast  line  can  be  drawn  between  clinical  and  laboratory 
methods.  The  use  of  our  sense-organs  (naked  and  aided)  is  common  to 
both  Whether  a  given  test  shall  be  performed  at  the  bedside,  or  in  the 
laboratory,  is  merely  a  matter  of  convenience.  There  is  no  fundamental 
difference,  in  principle,  in  the  two  methods  employed.  One-sided  views, 
however,  are  apt  to  prevail  among  men  who  work  only  at  the  bedside  and 
who  never  make  examinations  in  laboratories  separated  from  the  patient. 
The  same  is  true  of  men  whose  circumstances  confine  them  to  laboratory 
studies  and  who  do  not  come  into  contact  with  patients  at  the  bedside. 
To  prevent  narrowness  of  view,  it  is  desirable,  either  that  one  and  the 
same  man  shall  make  both  clinical  and  laboratory  exanfinations,  or  that 
the  men  making  bedside  examinations  predominantly  shall  be  kept  in 
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close  and  intimate  relations  with  the  men  who  are  making  laboratory 
tests  predominantly.  It  is  diflScult  for  one  whose  work  limits  him  largely 
to  bedside  examinations  properly  to  value  results  of  laboratory  tests,  unless 
he  has  had  at  least  some  first-hand  experience  with  the  laboratory  tests 
themselves.  Similarly,  the  judgment  of  the  man  whose  work  is  pre- 
dominantly in  the  laboratory  will  be  better  if  he  has  had  at  least  some 
training  in  the  clinical  methods  of  examination,  and  at  least  some  expe- 
rience* in  the  course  of  disease  as  studied  at  the  bedside.  There  is, 
undoubtedly,  real  difficulty  at  the  present  time,  on  account  of  the  division 
of  labor  and  the  specialization  of  activity  that  the  extension  of  the 
methods  of  clinical  diagnosis  has  made  necessary,  in  correlating  all  the 
results  of  examination  that  can  be  accumulated,  and  in  arriving  at  a 
proper  judgment  regarding  the  condition  of  the  patient  as  a  whole. 
Upon  a  proper  synthesis  of  the  results,  and  upon  the  estimate  formed  of 
the  relative  importance  of  the  various  deviations  from  the  normal,  depends 
the  therapy  to  be  instituted.  In  this  time  of  unprecedented  specialism, 
there  is  greater  need  than  ever  for  the  all-around  internist  with  sound 
judgment.  The  beginner,  introduced  to  a  great  variety  of  specialistie 
methods,  can  scarcely  avoid,  at  first,  a  feeling  of  bewilderment;  do  his 
best,  he  is  likely  to  "lose  sight  of  the  wood  on  account  of  the  trees."  For 
this  reason  it^  is  desirable  that  the  young  internist  should  work  for  a  con- 
siderable period  in  close  contact  with,  and  under  the  direction  of,  clini- 
cians of  long  experience ;  while  perfecting  himself  in  the  technic  of  the 
single  methods  of  examination,  he  will  gradually  learn,  through  the 
example  of  his  more  experienced  seniors,  how  best  to  synthesize,  and  how 
adequately  to  value,  the  results  of  the  physical,  chemical,  and  biological 
investigations  of  the  patients  he  studies. 
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Part  II 

Examinations  witli  Rontgen  Rays 
(Rontgenoscopy;  Rontgenography) 

The  Rontgen  rays  penetrate  different  parts  of  the  body  with  varying 
degrees  of  facility;  for  the  different  tissues  vary  in  their  absorption  of 
the  rays,  the  air-filled  lungs,  for  example,  absorbing  very  few  of  the  rays, 
the  heart  on  the  contrary  absorbing  them  to  a  greater,  the  bones  to  a  still 
greater,  degree.  It  is  accordingly  possible,  by  means  of  photographic 
plates  or  of  a  fluorescent  screen,  to  register,  graphically,  shadow  pictures 
of  the  organs  and  tissues,  corresponding  to  the  differences  in  the  penetra- 
bility of  the  parts  by  the  rays. 


A.  Varieties  of  Apparatus  for  tlie  Production 

of  Rontgen  Rays 

Two  fundamentally  different  kinds  of  Rontgen-ray  apparatus  are  now 
available  for  rontgenological  work: 

1.  An  induction-coil  apparatus  with  high-tension  direct  current  and 
interrupter;  and 

2.  A  non-induction,  interrupterless  apparatus,  with  alternating  cur- 
rent, step-up  transformer,  and  high-tension  rectifying  switch  that  sends 
a  unidirectional  current  into  the  x-ray  tube. 

Both  of  these  apparatus  can  be  used  with  either  a  direct  or  an  alter- 
nating current ;  thus,  for  the  inductor  apparatus,  an  alternating  current 
can  first  be  converted  into  the  direct  current  required ;  and  for  the  non- 
induction,  rectifying  switch  apparatus,  a  direct  current  can  be  converted, 
by  means  of  an  inverted  rotary  converter,  into  the  alternating  current 
required. 

Coolidge  has  recently  reported  experiments  that  indicate  that  before 
long  we  may  expect  very  definite  improvements  in  the  apparatus  for  pro- 
ducing Rontgen  rays. 
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L    Ronton  Apparatus  Utilizing  Direct  Current  with 
Inductor 

Jn  this  apparatus,  an  interrupter  breaks  up  the  high-tension  direct 
current  into  single  impulses,  which  arrive  in  the  primary  coil  of  the 
induction  apparatus.  On  closure  of  the  current,  a  magnetic  field  is 
formed,  which  disappears  again  when  the  current  is  opened.  In  the 
secondary  coil,  an  impulse  is  induced  every  time  the  primary  current  is 
opened,  and  also  when  it  is  closed.  For  the  x-ray  tube,  however,  use  is 
made  only  of  the  induced  current  that  arises  on  opening  the  circuit 
A  pulsating  unidirectional  current  of  sufficient  intensity  and  tension  is 
obtained  in  the  secondary  circuit  by  an  ingenious  arrangement,  throu^ 
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which  the  opening  current  is  made  sudden  and  intense  and  the  closing 
current  as  much  as  possible  suppressed  (condenser,  jump-spark,  or,  better, 
"raive-tubes"  that  permit  the  current  to  pass  through  in  one  direc- 
tion only). 

(a)    The  Interrupter 
The  interrupter  determines  the  rhythmical  closure  and  opening  of 
the  primary  circuit.     Several  varieties  of  interrupter  are  in  use,  the  best 
ones  being  (1)  a  mercury  centrifugal  interrupter,  in  which  contact  with 
mercury  closes,  and  contact  with  petroleum  or  alcohol  opens,  the  circuit, 
and  (2)  a  gas  interrupter,  in  one  variety  of  which,  (a)  the  "apex  intei^ 
rupfer,"  the  current  is  made  by  contact  with  mercury,  but  broken  by  a 
gaseous  dielectric  (illuminating  gas),  and  in  another  type,  (b)  Wehnelt's 
"electrolytic  interrupter,"    gas   is 
gGDerated  around  a  platinum  elec- 
trode in  quantity  sufficient  to  inter- 
mpt  the  current 

(b)     The  Rheottat 

A  rheostat  is  intercalated  in 
the  primary  circuit  to  regulate  the 
intensity  of  the  current  by  alter- 
ing the  resistance. 

(e)   Single  impuhe  Apparatut 

The  "single  impulse  Rontgen 
apparatus"  is  a  modification  of 
the  inductor  apparatus  alxive  de- 
scribed, especially  adapted  for  "in- 
stantaneous rontgenography,"  the 
Biagle  "flasb"  lasting  about  1/200 
second.  With  this  instrument, 
moving  organs,  like  the  heart, 
lungs,  diaphragm,  stomach,  intes- 
tine, larynx  on  swallowing,  etc., 
can  be  sharply  outlined.  It  is  use- 
ful also  in  TnflkiniT  -r-rav  fivntnitin      *^*-   «■— *P«*   "Igh   teniloD   Gcoerator.     Model 

ini,  aiso,  in  manmg  x  ray  examina-     ms.  (By  wnrtew  of  tb«  Knj-Bd»»nv  co.) 

nons  m  yoong  children,  in  the  in- 

«n«,  and  in  Parkinson's  disease  (tremor).     The  same  machine  can  be 

adapted  also  for  general  work  not  requiring  instantaneous  exposures.    This 

"single  impulse"  apparatus  has  contributed  much  to  rontgen-cinematog- 

raphy. 
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2.    Ronton  Apparatus  Utilizing  (he  Alternating  Current 
with  Hi^-Tension  Rectifying  Switch 

This  apparatus  does  away  with  the  inductor  and  the  interrupter 
entirely,  and  is  fast  displacing  the  apparatus  above  described  for  general 
x-ray  work.  Though  it  makes  use  of  an  alternating  current  (Snook's 
A.  C.  Machine),  a  form  of  the  apparatus  ia  made  that  will  supply  the 
alternating  current  required  from  a  direct  current  by  means  of  an  inverted 
rotary  converter  (as  in  Snook's  D.  C.  Machine). 


(«)    The  Step-Up  Tranttormer 

A  step-up  transformer  raises  the  voltage  to  very  high  tension.  By 
means  of  a  switch,  the  ratio  of  transformation  may  be  changed  through 
the  "taps"  provided  in  the  primary  winding  of  the  transformer;  as  a 
result  of  this  adjustment,  the  transformer  secondary  voltage  varies  from 
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70,000  to  120,000  volts,     A  rheostat  in  the  primary  circuit  of  the  trans* 
fonner  r^ulates  the  current  output. 

(A)     The  High-Temion  Rectifying  Sudteh 

The  high-tension  alternating  current  delivered  hy  the  transformer  is 
carried  through  a  high-tension  rectifying  switch,  which  changes  it  to  a 


unidirectional  current,  suitable  for  use  in  x-ray  tubes.  In  the  A.  0. 
machiae,  a  synchronous  motor  drives  the  high-tension  rectifier;  in  the 
D.  C.  machine,  the  rectifying  switch  is  mechanically  attached  to  the  shaft 
of  the  inverted  rotary  converter  and  is  thereby  maintained  in  synchronism 
with  the  alternating  current  delivered  by  the  converter. 

When  one  has  a  choice,  it  is  best  to  use  an  alternating  current  (220 
volta,  single  phase,  60  cycles)  as  a  source,  and  the  A.  C.  machine.  In  buy- 
ing a  machine,  it  is  necessary  to  know  (1)  what  kind  of  current  is  avail- 
able, (2)  the  voltatje,  and  if  the  available  supply  be  an  alternating  current, 
(3)  the  frequency,  and  the  number  of  phases. 
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(c)    Advantages  of  the  Rectifying'Switch  Apparatus 

With  this  kind  of  Rontgen  apparatus  there  are  several  distinct  advan- 
tages, aside  from  its  noiselessnesSy  and  its  simplicity. 

1.  Inverse  discharge  is' absolutely  excluded. 

2.  Since  there  is  no  external  magnetic  field  (a  closed  magnetic  current  circuit 
transformer  being  used,  and  the  magnetic  flux  being  confined  to  the  iron  of  the 
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Pig.  9. — Wiring  for  Alternating-current  Genera- 
tor (Interrupterless  Transformer  Appa- 
ratus). (By  courtesy  of  the  Kelley-Koett 
Mfg.    Co.) 


Fig.   10. — Wiring  for  Direct-current  Generator 
( InterruptorlesB    Transformer    Apparatus). 
(By  courtesy  of  the  Kelley-Koett  Mfg.  Co.) 
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transfonner),  there  is  no  enlargement  of  the  focus  spot,  such  as  an  external  magnetic 
field  may  cause  through  its  influence  upon  the  cathode  stream ;  when  transformers 
with  open  magnetic  circuits  and  induction  coils  are  used,  the  focus  spot  of  the 
tabe  wanders,  and,  dancing  around  on  the  target,  results  in  blurring  of  the 
rontgenogram. 

3.  Very  short  exposures  are  possible,  for  the  x-ray  tube  can  be  furnished  with 
all  the  energy  it  can  take  unimpaired,  and  this  energy-capacity  of  the  machine  is 
imasBociated  with  any  inverse-discharge;  in  the  inductor  apparatus,  if  the  capacity 
is  increased  beyond  a  certain  point,  the  ''in verse  discharge"  becomes  too  strong  for 
the  x-ray  tube,  though  with  the  "single-impulse"  modification  of  the  inductor- 
appaiatus  admirable  instantaneous  exposures  are  obtainable  (see  above). 

4.  The  x-ray  tubes  are  protected  wonderfully  and  will  last  much  longer  than 
with  the  inductor  apparatus;  this  is  accounted  for  by  the  absence  of  ''inverse,"  and 
by  the  lessened  "digging"  of  the  target. 

5.  The  current  measurements  are  absolutely  reliable,  and  one  can  be  quite  sure 
just  what  x-ray  effect  is  obtainable  with  a  given  tube  and  a  given  adjustment ;  with 
the  inductor  apparatus,  there  are  so  many  variable  factors  that  no  equivalent 
eertainty  is  possible. 

6.  The  mixture  of  x-rays  given  out  by  tubes  used  with  this  machine  is  very 
rich  in  "soft  rays";  an  extraordinary  richness  of  detail  in  the  rontgenograms, 
especially  of  soft  parts  hke  the  lung  tissue,  is  attainable.  Very  much  softer  tubes 
ean  be  used  than  with  a  coil  apparatus. 

7.  By  means  of  a  "triple  reel"  attachment,  the  operator  can  control  and  measure 
the  tube-vacuum  from  his  position  at  the'  switch  table ;  there  is  no  danger  of  ruining 
tubes  by  "arcing"  at  the  regulator. 

8.  An  esp>ecially  designed  fluoroscopic  attachment  permits  the  operator  to  use 
a  tube  for  the  maximum  length  of  time  with  a  minimum  of  heating  and  of  drop 
in  vacuum.  By  simply  moving  a  switch,  a  change  to  a  heavy  current  for  radio- 
graphic work  can  be  made  immediately. 

9.  For  general  rontgenography  and  rontgenoscopy  and  for  surface  therapy,  this 
form  of  apparatus  is  by  far  the  best;  for  deep  therapy,  especially  for  int^iisive 
therapy  in  the  depth,  the  inductor  apparatus  is  said  to  be  better.  When  one  has 
both  inductor  apparatus  and  rectifying-switch  apparatus  at  one's  disposal,  the 
former  may  be  used  for  depth  therapy  and  for  fluoroscopic  work,  the  latter  for 
all  other  x-ray  work.  Great  advances  in  deep  therapy  have  resulted  from  the 
introduction  of  the  Coolidge  tube. 


B.  The  X-Ray  Examining-Room 

Now  that  rontgenoscopy  or  fluoroscopy  (transillumination  by  x-rays; 
view  on  fluorescent  screen)  has  become  so  helpful  in  medical  diagnosis, 
and  rontgenography  (use  of  photographic  plates)  is  indispensable,  in 
both  medicine  and  surgery,  an  x-ray  examining-room  should  certainly  bo 
available  in  every  town,  and  many  individual  practitioners  are  installing 
outfits  of  their  own. 

A  commodious  room  that  can  be  made  absolutely  dark  is  necessary, 
and  the  examiner  should,  for  rontgenoscopy,  adapt  his  eyes  to  the  dark 
for  five  or  ten  minutes  before  making  his  examination. 

In  order  that  there  may  be  a  little  light  in  the  room  between  ront- 
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genoscopic  examinations,  a  weak  green  light  placed  close  to  the  ceiling 
can  be  used  and  is  the  best.  One  can  install  a  four-candle  power,  green- 
colored  bulb,  mounted  in  an  "indirect"  fixture ;  it  should  have  a  pendant, 
or  a  switch-control,  operable  from  the  position  occupied  by  the  examiner. 

The  room  should  be  well  ventilated,  by  light-tight  methods  through 
the  doors  and  windows;  electric  fans  are  objectionable  as  they  cause  too 
much  draught  for  an  undressed  patient. 

The  walls  of  the  room  should  be  painted  a  dull  bluish  gray,  or  a  light 
gray  containing  a  little  red ;  they  should  not  be  black  or  dark  red. 

The  floor  should  be  of  hard  wood  (parquet),  not  of  linoleum,  cement, 
or  tiles. 

Nearby,  a  convenient  photographic  dark  room  should  be  provided ;  it 
should  be  kept  dry,  clean,  and  orderly,  and  should  have  a  supply  of 
running  water,  a  sink,  a  work-table  with  shelves,  and  red  and  white  light,* 
or  Caldwell's  ruby  light.     It  should  be  properly  warmed  in  winter. 

In  order  to  protect  the  examiner  and  the  patient  from  harmful  eflfects 
of  the  rays  the  x-ray  tubes  are  nowadays  provided  with  protective  lead- 
glass  shields  (50  per  cent.  lead).  In  addition,  a  lead  screen,  3^  ft.  wide 
and  4^  ft.  high,  with  a  foot  of  transparent  lead-glass  above  it,  affords 
additional  protection.  Protective  gloves  and  lead-glass  spectacles  are  also 
available. 

While  most  x-ray  examinations  are  made  of  persons  who  can  sit 
up  or  stand  up,  it  is  sometimes  important  to  have  an  x-ray  photograph 
or  a  fluoroscopic  examination  made  of  a  patient  so  sick  that  he  must  keep 
the  recumbent  position.  Movable  x-ray  tables  have  been  constructed  with 
the  x-ray  tube  underneath;  with  such  a  table,  the  very  sick  pneumonia 
patient  can,  if  deemed  necessary,  be  photographed. 


C.    R5ntgen  Tubes 
L    Structure  of  a  Ronton  Tube 

The  x-ray  tubes,  used  for  the  production  of  Rontgen  rays,  consist  of 
spherical  flasks  in  which  a  high-grade  vacuum  is  produced  by  means  of 
a  mercury  pump  and  heat;  these  flasks  are  provided  with  several  attach- 
ments for  special  purposes. 

Each  tube  contains  three  mirrors:  (1)  an  anode  mirror,  connected 
with  the  positive  pole  of  the  high-tension  current  deliverer,  this  mirror 
being  replaced  in  the  newer  instruments  by  a  rod — ^the  "anode  rod";  (2) 
a  cathode  mirror  (concave),  connected  with  the  negative  pole  of  the  cur- 
rent deliverer;  and  (3)  an  anticathode,  mirror,  or  target,  consisting  usu- 
ally of  platinum  (iridiimi,  tungsten,  or  tantalium),  placed  opposite  the 
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cathode  mirror  at  an  angle  of  45°  -to  the  axis  of  the  tube.    Ontaide  the 
tube,  tke  anode  and  the  anticathode  are  united  by  a  conductor. 


2.   The  Ronton  Tube  in  Action 

When  the  tube  ie  in  action,  particles  are  driven  off  from  the  cathode 
(tite  so-called  catbode-ras^fl,  visible  in  the  form  of  a  fine  blue  bundle)  and 
strike  upon  the  anticathode  mirror  or  target,  being  roughly  "focused" 


A— Aaode. 

B--A»istant  Anode. 
C-Caihode. 
D— Regulating 
Chamber. 
F-Regulating     Ad- 
juster. 
G — Hemisphere. 
H — Connection 

Wire. 
I— Assistant  Anode 

Cap. 
K— Anode  Cap. 
L— Cathode    Cap, 
U-Cathode  Stream. 
N— Focal    Point. 

10 

rtf.  n.—DiagrBiD  of  B  BOotgen  Tube.  (Bj  rourtear  ot  tb«  Scheiitel-Weitern  X-ray  Coll  Co.> 

upon  it  through  the  concavity  of  the  cathode  mirror..  They  give  rise, 
On  striking  the  target,  to  the  Bfintgen  rays,  or  x-rays,  which  pass  off  in 
all  directions  toward  the  half  of  the  tube  faced  by  the  target  (Fig.  11). 

(a)    The  Fociu  of  the  Otthode-Rays 

A  "aharp"  focus  of  the  cathode  stream  favors  the  clearness  of  ront- 
pnograras;  but  for  rontgenoscopy  and  for  therapeutic  nse  of  the  rays, 
it  is  better  to  have  the  focus  less  sharp,  since  the  anticathode  plate  tends 
to  become  very  hot,  and,  on  longer  use,  will  bum  through  or  be  badly 
dug  out"  if  the  cathode  stream  is  too  sharply  focused. 
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(6)    The  Normal  Radiation 

The  greatest  Rontgen  energy  is  possessed  by  what  is  known  as  the 
normal  radiation.  By  this  is  meant  the  pyramid 'of  x-rays  emerging  from 
the  anticathode  at  approximately  an  angle  of  90^  to  the  bundle  of 
cathode-rays. 

(c)    Glass-Rays  and  How  to  Stop  Them  Out 

When  an  x-ray  tube  is  working  right,  about  one-half  of  the  tube  is 
brightly  illuminated,  while  the  other  half  remains  darker,  the  junction 
between  the  two  halves  lying  in  the  plane  of  the  anticathode  mirror. 
The  illuminated  half  has  a  soft  yellowish  green  fluorescent  look  due  to 
the  fact  that  not  all  the  cathode-rays  striking  the  target  are  transformed 
into  x-rays ;  part  of  them  are  reflected  and  thus  hit  the  glass  wall  of  the 
x-ray  tube,  where  they  are  converted  into  x-rays,  at  the  same  time  causing 
fluorescence  of  the  glass  of  the  tube  and  warming  of  the  glass.  The 
x-rays  thus  produced  are  known  as  glass-rays,  to  distinguish  them  from 
the  x-rays  originating  at  the  anticathode.  These  glass-rays,  since  they 
proceed  from  a  widespread  surface,  are  very  diffuse  in  their  distribution, 
and  so  are  prone  to  cause  blurring  of  the  x-ray  shadows.  In  order  to  avoid 
this  blurring,  as  many  of  them  as  possible  are  cut  off  by  means  of  a 
diaphragm  interposed  between  the  x-ray  tube  and  the  organ  to  be  photo- 
graphed, the  diaphragm  being  placed  as  close  to  the  x-ray  tube  as  possible. 

(d)    Coolers  of  the  Anticathode 

Various  forms  of  cooling  apparatus  are  used  to  prevent  melting  of 
the  metal  of  the  anticathode  (water-eooled  tubes,  metal-cooled  tubes,  air^ 
cooled  tubes). 

(e)    Soft  and  Hard  Rontgen  Tubes 

As  has  been  said,  the  Rontgen  rays  have  different  degrees  of  penetra- 
bility, according  to  the  velocity  of  the  cathodal  x-rays  producing  them, 
this  velocity  in  turn  depending  upon  the  grade  of  vacuum  in  the  x-ray 
tube;  the  higher  the  grade  of  vacuum,  the  greater  the  average  pene- 
trability, or  hardness,  of  the  Rontgen  radiation.  The  reason  for  this  lies 
in  the  fact  that  a  higher  tension  of  the  electric  current  fed  to  the  tube  is 
needed  to  overcome  the  internal  resistance  of  the  tube  when  a  high-grade 
vacuum  exists,  and  this  high  tension  gives  the  cathode-rays  a  greater 
velocity. 

Since  the  x-rays  are  always  produced  by  single  high-tension  impulses, 
it  is  probable  that  the  radiation  is  never  homogeneous,  but  consists  of  a 
mixture  of  rays  of  the  most  different  penetrating  capacity,  the  composi- 
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tion  of  the  mixture  depending  upon  the  discharge  curve  of  each  single 
impnlae  of  the  current  sent  into  the  tube.  The  form  of  the  discharge  in 
the  rectify  ing-swi tell  apparatus  is  such  that  the  number  of  rays  of  variable 
hardness  given  off,  especially  of  soft  raya,  is  large.  Thia  is  a  real  advan- 
tage, since  the  parts  of  the  body  of  variable  absorption  capacity  are  much 
better  differentiated  on  the  fluorescent  aereen  or  in  the  photographic  plate 
when  the  soft  rays  are  abundant.  With  the  older  forms  of  inductor 
apparatus  it  was  impossible  to  get  good  pictures  of  soft  parts.  The  intro- 
duction of  the  rectifying-switch  apparatus  has  led  to  enormous  improve- 
ments in  the  detail  of  the  negatives. 


Fl(.  12. — WatM'.cooled  Tungsten  Target  Tube.      (By  courtesy  of  tbc  Kellej-Koat  Utg.  Co.) 

It  is,  accordingly,  customary  to  divide  Rontgen  radiations  into  (1) 
very  soft,  (2)  soft,  (3)  medium,  (4)  bard,  and  (5)  very  hard  radiations. 

Anyone  who  works  with  x-ray  tubes  soon  learns  to  distinguish  the  kind 
of  radiation  being  sent  off  by  a  tube  from  its  appearance  in  action. 

In  very  hard  tubes,  streaksof  light  fly  through  tbe  air  outside  the  tube, 
between  tbe  attachment  of  the  anticathode,  tbe  tension  of  the  current 
required  for  such  a  tube  being  so  high  that  the  current  passes  more  easily 
through  the  air  than  through  the  tube. 

In  the  hard  tubes,  so-called  "hardneas-spots"  of  bright  light  appear  in 
the  tube,  and  the  glass  neck  of  the  tube  near  the  cathode  mirror  becomes 
strongly  illuminated.  Great  care  must  be  taken  in  uf^ing  hard  tubes,  for 
there  is  always  danger  that  the  glass  wall  of  the  tube  may  be  perforated, 
in  wbich  case  air  will  enter  and  ruin  the  tube. 
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In  a  medium-soft  tube,  one  half  of  the  spherical  flask  is  brightly  illu- 
minated; the  other  half  is  much  darker,  the  plane  dividing  these  two 
halves  being  that  of  the  surface  of  the  target  The  illuminated  half  of 
the  tube  presents  a  sbft  yellowish  green  fluorescence,  due  to  the  fact  that 
some  of  the  cathode-rays,  striking  the  target,  instead  of  being  transformed 
like  the  majority  into  Rontgen  rays,  are  reflected  from  it,  so  as  to  strike 
the  glass  wall  of  the  tubes  where  they  are  converted  into  Rontgen  rays, 
the  'glass-rays  described  above. 

In  a  very  soft  tube,  the  whole  tube  is  illuminated  except  the  dark 
cathodal  space,  and  the  blue  bundle  of  cathode-rays  is  easily  visible. 

(/)    Inverse  Discharge  with  the  Inductor  Apparatus 

In  using  the  inductor  apparatus,  one  of  the  most  troublesome  diflScul- 
ties  is  that  of  inverse  discharge^  the  current  passing  the  wrong  way 
through  the  tube.  Such  inverse  discharge  can  often  be  prevented,  on  using 
a  new  tube,  by  placing  a  resistance  coil,  or  a  fuse,  in  a  glass  tube  in 
the  connection  between  the  anode  and  the  anticathode  outside  the  x-ray 
tube.  After  a  few  weeks'  use,  the  connection  can  be  made  directly  to  the 
anticathode  if  desired. 

When  inverse  discharge  occurs  through  a  tube,  dust  may  come  oflF  the 
metal  of  the  anticathode ;  after  the  tube  has  been  removed  and  this  metallic 
dust  has  cooled,  much  of  the  gas  in  the  tube  will  become  united  to  the 
glass  walls,  and  this  will  make  the  tube  very  much  harder  than  it  was 
before.  Or,  the  vacuum  of  the  tube  may  become  "unstable,"  being  very 
hard  one  minute  and  very  soft  the  next,  swinging  to  and  fro  between  the 
two  extremes  like  a  pendulum. 

In  older  tubes  used  with  the  inductor  apparatus,  a  grayish  black  layer 
on  the  walls  can  be  seen,  due  to  metallic  dust  from  inverse  discharge.  The 
violet  discoloration  of  the  glass  wall  of  old  tubes  is  entirely  different  in 
origin,  depending,  as  has  already  been  said,  on  the  separation  of  colloidal 
manganese  from  the  glass. 

Fortunately,  all  inverse  discharge  is  avoided  by  the  use  of  the  rectify- 
ing-switch  form  of  Rontgen  apparatus  described,  and  a  soft  tube  can  be 
used  for  a  very  long  time  without  growing  hard. 

It  is  important  that  tubes  should  be  exposed  to  exactly  the  electrical 
tension  that  is  best  suited  to  them.  If  a  tube  grow  softer,  it  is  a  sign 
that  it  has  been  given  too  heavy  a  burden;  if  it  tend  quickly  to  become 
hard,  it  is  a  sign  that  it  has  not  been  suificiently  burdened. 

Since  tubes  gradually  become  harder  with  time  owing  to  the  diminu- 
tion of  their  gas-content  (absorption  by  metallic  dust,  accumulation  on 
the  glass  walls),  it  is  well  to  make  use  of  them  according  to  their  degree 
of  hardness;  thus,  the  young,  soft,  tubes  (low  grade  vacuum)  should  be 
used  for  photographing  thinner  parts  of  the  body,  like  the  hands  and  feet. 
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while  the  older,  harder,  tubes  should  be  used  for  photographing  thicker 
parts  (heart,  kidney,  hip-joint,  etc.). 

3.    Re^neration  of  Ronton  Tubes 

As  tubes  grow  older  and  become  harder,  it  may  be  necessary  to 
increase  the  gas-content  a  little.  This  may  be  brought  about  by  any  one 
of  several  methods  of  regenerating  the  tubes  (  (1)  osuw-regeneration  of 
Villard,  in  which  a  palladium  tube  is  heated  and  a  little  hydrogen  enters 
the  tube  through  the  metal;*  (2)  carbon-regeneratioiiy  in  which  gas  is 
driven  out  of  carbon  into  the  tube;  (3)  condenser^egenerationy  for  espe- 
cially hard  tubes  (Gundelach) ;  (4)  air-regeneratioiiy  in  which  a  little  air 
is  allowed  to  enter  the  x-ray  tube  through  a  porous  plate— especially  use- 
ful for  fluoroscopic  tubes). 


4u    Care  of  Ronton  Tubes 

Each  particular  brand  of  tube  requires  special  care,  and  full  instruc- 
tions should  be  obtained  from  the  maker  regarding  the  treatment  of  the 
tube.  Certain  general  rules,  however,  which  I  epitomize  from  the  article 
by  Janus  and  Schittenhelm,  should  be  kept  in  mind : 

1.  No  opportunity  for  grounding  of  the  high-tension  current  should  be  permitted. 

2.  For  each  tube  there  is  an  optimal  current,  and  care  should  be  taken  not  to 
feed  the  tube  with  a  stronger,  or  a  feebler,  current  than  this  optimal  streng^. 

3.  New  tubes,  or  so-called  young  tubes,  should  be  very  cautiously  used  at  first, 
with  avoidance  of  too  strong  a  current  and  of  the  passage  of  the  current  through 
the  tube  for  a  long  period.  In  a  few  weeks  a  tube  can  be  "trained,"  or  "educated,'' 
80  that  it  will  stand  longer  exposures  and  stronger  currents.  Sometimes  a  new 
tube  may  be  hard;  if  so,  it  should  not  be  treated  as  though  it  were  a  tube  that 
has  become  hard  through  age,  but  should  be  subjected  to  a  regenerative  process 
until  it  is  soft,  and  then  slowly  "educated"  to  its  maximal  performance. 

4.  If  a  tube  does  not  respond  in  the  way  expected,  no  attempt  should  be  made 
to  force  it  to  do  so  by  increasing  the  burden  thrown  upon  it.  Sometimes,  in 
winter,  simply  warming  a  tube  for  a  few  hours  before  use  will  make  it  more 
responsive. 

5.  X-ray  tubes  should  be  kept  absolutely  clean,  protected  from  dust,  and  the 
exterior  of  the  tube  should  never  be  touched  with  the  fingers. 

6.  When  selecting  tubes  it  is  well  to  buy  a  few  of  the  best  makes,  and  to  learn 
tiioroughly  how  to  use  the  tube  chosen.  It  is  a  mistake  to  experiment  with  a  whole 
series  of  different  varieties  of  tubes,  since  each  make  demands  special  treatment. 
If  one  has  from  four  to  six  good  tubes  of  different  degrees  of  hardness,  he  should 
keep  them,  when  well  **trained,"  for  the  particular  purposes  for  which  they  are 
most  adapted.  It  is,  as  a  rule,  a  mistake  to  use  one  and  the  same  tube  for  different 
purposes.    Much  expense  will  be  avoided  if  this  precaution  is  observed. 


^  Holzknecht's  modification  of  this  form  of  regeneration  is  preferred  by  the 
Vienna  sehooL 
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7.  One  should  form  the  habit  of  testing  a  tube  every  time  before  use;  its  hard- 
ness should  be  measured,  and  its  behavior  under  a  definite  strength  of  current 
(milliamperemeter)  and  voltage  determined.  If,  when  the  tube  is  in  use,  the 
intensity  of  the  current,  as  shown  by  the  milliamperemeter,  increases,  the  tube  is 
becoming  softer;  one  should  at  once  lessen  the  burden  thrown  on  the  tube,  or  it 
will  soon  become  too  soft.  If,  on  the  contrary,  the  intensity  of  the  current  decreases 
(milliamperemeter),  the  tube  is  becoming  harder  and  a  heavier  burden  should  be 
thrown  upon  the  tube,  though  this  is  less  important  than  when  the  tube  is  becom- 
ing too  soft  The  worker  has  himself  to  blame  when  tubes  become  softer;  the  ' 
softening  is  due  either  to  his  throwing  the  wrong  burden  upon  the  tube,  or  to  the 
youth  of  the  tube. 

8.  In  order  to  avoid  using  the  tube  any  longer  than  is  absolutely  necessary, 
thorough  preparation  of  the  apparatus,  and  of  the  patient,  should  precede  the  turn- 
ing on  of  the  current.  With  a  burden  of  25  milliamperes  or  more  for  a  single 
second,  a  young  tube  may  be  completely  ruined. 


D.    Origin,  Nature,  and  Properties  of 

R5ntgen  Rays 

In  order  to  understand  the  origin  of  the  x-rays  and  their  nature  it 
is  necessary  to  begin  with  a  description  of  the  so-called  cathode-rays. 


1.    Cathode-Rays 

In  a  vacuum  tube  like  an  x-ray  tube,  the  electrode  through  which  the 
electric  current,  when  passing  through,  leaves  the  tube  containing  the 
rarefied  gas  is  known  as  the  cathode.  From  the  surface  of  this  cathode, 
during  the  passage  of  the  current,  little  particles  known  as  electrons, 
charged  with  negative  electricity,  are  driven  with  tremendous  velocity. 

These  electrons  are  extremely  minute,  probably  not  larger  than  1/200 
part  of  a  hydrogen  atom.  When  this  cathode  stream  of  electrons  passes 
through  the  rarefied  gas  of  the  tube,  the  gas  in  the  tube  becomes  illumi- 
nated, only  the  immediate  neighborhood  of  the  cathode  remaining  dark, 
forming  the  so-called  dark  cathodal  space,  the  region  poorest  in  electrons. 
The  greater  the  rarefaction  of  the  gas  in  the  tube,  the  larger  the  area  of 
the  dark  cathodal  space,  and  the  greater  the  velocity  of  the  electrons  in 
the  cathodal  stream.  In  a  high-grade  vacuum,  the  velocity  may  reach 
almost  that  of  light  (300,000  km.  per  second). 

The  electrons  are  emitted  in  a  straight  line,  perpendicular  to  the  sur- 
face of  the  cathode  which  ejects  them.  In  the  x-ray  tube,  the  mass  of  the 
electrons  in  this  cathodal  stream  form  a  bundle  of  rays — ^the  cathode-rays 
— ^possessing  peculiar  properties : 
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1.  They  make  glass,  upon  which  they  impinge,  give  oflF  light,  the 
color  of  the  light  (sometimes  green,  sometimes  blue)  varying  with  the 
chemical  constitution  of  the  glass. 

2.  They  go  off  perpendicular  to  the  plane  of  the  cathode,  being  unin- 
fluenced by  the  shape  or  position  of  the  anode.  When  a  concave  cathodal 
surface  is  used,  the  rays  converge  more  or  less  toward  a  focus,  though  the 
focus  is  not  a  precise  one,  owing  to  deflection  of  some  of  the  rays  through 
magnetic  or  electric  forces,  especially  in  the  inductor  apparatus  (q.  v.). 
This  deflection,  however,  can  be  largely  avoided  by  the  use  of  the  recti- 
fying-switch  apparatus.  The  higher  the  grade  of  vacuum  and  the  higher 
the  tension  of  the  current  delivered  to  the  tube,  the  less  the  deflection  of 
the  rays, 

3.  The  cathode-rays  heat  the  object  they  strike,  enormously,  so  that 
arrangements  for  cooling  the  target,  which  they  strike,  are  necessary. 

4.  Cathode-rays  can  cause  chemical  changes;  a  photographic  plate 
inclosed  within  an  x-ray  tube  is  affected  more  or  less  as  it  is  by  light. 

5.  Bodies  struck  by  cathode-rays  become  charged  with  negative 
electricity. 

6.  Cathode-rays  do  not  penetrate  the  glass  wall  of  an  x-ray  tube,  but 
are  absorbed  by  it,  the  glass  becoming  illuminated  and  heated  during  the 
absorption. 

7.  Most  important  of  all,  when  the  cathode-rays  strike  an  object,  besides 
the  development  of  heat,  another  transformation  of  energy  takes  place,  in 
that,  from  the  place  struck,  another  hind  of  ray  is  emitted:  namely,  the 
Rontgen  rays,  or  x-rays,  discovered  by  Rontgen  of  Wurzburg  in  1895. 
These  Rontgen  rays  are  of  several  different  sorts,  their  character  depend- 
ing upon  the  velocity  of  the  cathode-rays  producing  them.  Thus,  cathode- 
rays  of  greater  velocity,  in  tubes  with  high-grade  vacuum,  yield  hard 
Rontgen  rays  capable  of  great  penetration,  while  cathode-rays  of  slower 
velocity,  produced  in  x-ray  tubes  containing  more  gas,  yield  soft  Rontgen 
rays,  of  less  penetrability. 


2.    Nature  of  the  Ronton  Rays 

The  nature  of  these  rays  is  still  under  discussion.  According  to  the 
view  dominant  at  present,  they  consist  of  pulses  in  the  ether,  not  unlike 
light  rays.  They  are  believed  to  be  electromagnetic  waves  of  very  small 
wave-length;  in  other  words,  ultraviolet  light  rays  of  wave-length  still 
smaller  than  those  of  the  ultraviolet  rays  hitlierto  known.  It  is  supposed 
that  the  smallest  observed  light  wave  is  at  least  a  thousand  times  longer 
than  the  greatest  wave-length  of  a  soft  Rontgen  ray,  the  hard  Rontgen  rays 
oonsifiting  of  still  shorter  waves. 
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3.  Properties  of  Ronton  Rays 

(a)  Penetrability  of  the  Rays 

The  x-rays  are  capable  of  penetrating  chemical  substances  in  inverse 
proportion  to  their  atomic  weight;  the  greater  the  atomic  weight,  the 
greater  the  absorption  of  the  rays  by  the  substance.  In  bodies  of  complex 
composition,  like  the  organs  of  the  human  body,  the  rays  are  absorbed  in 
very  different  degree  by  different  parts.  This  accounts  for  the  shadows 
visible  upon  the  fluorescent  screen,  and  for  the  variable  effects  upon  the 
photographic  plate  in  rontgenography. 

The  penetrability  of  the  Eontgen  rays  varies,  according  as  they  are 
soft  or  hard;  that  is,  according  to  the  velocity  of  the  cathode-rays  pro- 
ducing them. 

(b)  Propagation  of  the  Rays 

The  Rontgen  rays  are  propagated  in  straight  lines,  but  in  all  direc- 
tions in  space.  As  far  as  is  known,  they  do  not  undergo  refraction,  nor 
can  they  be  deflected  from  their  course ;  in  this  they  resemble  light  rays, 
and  differ  from  cathode-rays.  It  is  possible  that  some  of  the  x-rays, 
namely,  those  with  the  longest  waves,  can  be  bent  by  means  of  the  crystals 
of  certain  minerals.    Investigations  of  this  point  are  now  being  made. 

Unlike  cathode-rays,  the  Rontgen  rays  cannot  be  deflected  either  by 
magnetic  or  by  electric  forces. 

(c)    Secondary  Radiation 

Bodies  struck  by  Rontgen  rays  give  off  secondary  rays  which  have 
properties  quite  similar  to  the  Rontgen  rays  giving  rise  to  them.  The 
greater  the  penetrability  of  the  Rontgen  rays,  the  greater  also  the  pene- 
trability of  the  secondary  rays  to  which  they  give  rise.  It  is  asserted  that 
chemical  substances  of  high  atomic  weight  give  off  a  soft  secondary  radia- 
tion. Such  a  secondary  radiation  is  usually  given  off  by  large  bodies  and 
is  therefore  diffuse. 

The  reason  why  it  is  not  possible  to  get  sharply  circumscribed  margins 
to  organs  in  x-ray  pictures  is  due  to  the  blurring  effect  of  the  diffuse  sec- 
ondary radiation.  When  a  certain  thickness  of  the  body  has  been  passed 
through  by  the  x-rays,  the  diffuse  secondary  radiation  becomes  so  great  as 
to  exceed  in  its  effects  those  of  the  x-rays  themselves,  and  a  sharp  picture 
can  no  longer  be  obtained.  And  if  x-rays  of  higher  jienetrability  are  used, 
tlie  secondary  radiation  becomes  all  the  stronger  and  the  result  is  worse. 
It  should,  therefore,  be  borne  in  mind  that  on  working  with  the  x-rays  on 
the  human  body,  we  are  not  dealing  with  a  pure  absorption  of  the  x-rays, 
but  with  absorption  and  a  simultaneous  transformation  of  the  rays. 


ORIGIN,   NATURE   AND   PROPERTIES  43 

(d)    Excitation  of  Fluorescence 

Rontgen  rays,  like  cathode-rays,  are  capable  of  exciting  definite  chem- 
ical substances,  like  calcium  tungstate,  barium  platinum-cyanur,  zinc- 
blend,  etc.,  to  fluorescence.  Utilization  of  this  fact  is  made  in  rontgen- 
oscopy, where  the  fluorescent  screen  is  used ;  a  further  application  is  the 
iniensifying  screen  in  rontgenography. 

The  fluorescence  varies  in  color,  according  to  the  chemical  compound 
excited.  The  illumination  of  the  screen  will,  in  some  instances,  continue 
after  the  current  has  been  cut  off  (so-called  "phosphorescence"  seen  in 
certain  intensifying  screens). 

(e)    Chemical  Effects  of  Rontgen  Rays 

Rontgen  rays  act  upon  photographic  emulsion  in  the  same  way  as  the 
light  of  the  ultraviolet  spectrumi  (visible  and  invisible).  The  bromid  of 
silver  is  decomposed  in  the  photographic  plate.  Upon  this  property,  ront- 
genography depends. 

Advantage  is  taken  of  this  fact  also  in  the  invention  of  a  method  of 
measuring  Rontgen  energy  quantitatively,  in  the  so-called  quantimeter  of 
Kienbock. 

Still  other  chemical  processes  occur,  under  the  influence  of  Rontgen 
rays,  and  have  been  utilized  for  measurements  of  Rontgen  energy,  as,  for 
example,  the  formation  of  calomel  from  a  mixture  of  corrosive  sublimate 
and  ammonium  oxalate  (Schwarz),  or  of  iodin  from  a  solution  of  iodoform 
(Freund),  or  the  change  of  color  from  a  green  to  a  brownish  yellow  in 
barium  platinum-cyanur  {radiometer  of  Sabouraud-Noire). 

An  interesting  chemical  effect  of  the  x-rays  is  often  seen,  in  older 
x-ray  tubes,  in  the  glass  opposite  the  anticathode;  a  bluish  violet  discolor- 
ation appears,  due  to  the  separation  of  collodial  manganese  from  the  other 
constituents  of  the  glass. 

The  Rontgen  rays  are  capable  of  ionizing  gases  so  that  they  can  con- 
duct electricity.  This  fact  is  taken  advantage  of  in  the  making  of  meas- 
uring instruments,  for  example,  in  the  ionto-quantimeter  of  Szillard. 

(/)    Biological  Effects  of  Rontgen  Rays 

The  Rontgen  rays  can  destroy  living  cells.  Certain  cells  are  much 
more  susceptible  to  their  influence  than  others.  Therapeutically,  advan- 
tage has  been  taken  of  this  fact  (1)  to  destroy  the  cells  of  the  lymphade- 
noid  and  the  myeloid  leukopoietic  tissues  in  the  leukemias,  (2)  to  render 
individuals  sterile  for  eugenic,  or  other,  reasons  by  killing  the  germina- 
tive  parts  of  the  sex  glands,  and  (3)  to  destroy  the  smooth  muscle  cells  of 
large  uterine  myomata,  a  procedure  which  bids  fair  to  lessen  the  work  of 
the  operative  gynecologist. 
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Unfortiuiately,  repeated  and  prolonged  exposures  to  the  z-rays  may 
sometimes  ezcite  the  tissues  of  the  skin  to  carcinomatous  proliferation. 
Many  a  rontgenologist  of  the  earlier  days  has  already  paid,  or  is  now 
paying,  the  price  of  our  then  ignorance  of  how  to  protect  t^  operator  from 
the  rays. 


£.    Qualitative  and  Quantitative  Measure- 
ments in  Rontgenology 

It  is  astonishing  how  many  rontgenologists  work  in  a  haphazard  way, 
never  resorting  to  accurate  methods  of  measurement,  though  they  now 
have  at  their  disposal  a  group  of  methods  which  permit  them  to  work  pre- 
cisely. It  is  true  that  an  experienced  rontgenologist  may  make  fewer 
errors  without  measurements,  than  a  tyro  will  make  with  a  complete  set 
of  measuring  instruments ;  but,  other  things  being  equal,  the  worker  who 
constantly  controls  his  apparatus  quantitatively,  calling  to  his  aid  the  dif- 
ferent forma  of  measuring  apparatus^  will  be  far  more  aucceeeful  and  wiU 
pn^ress  more  rapidly  in  scieutiSc  rontgenology  than  he  who  eschews  these 
methods.  It  is  probably  true  that  most  of  the  failures  in  x-ray  work,  most 
of  the  time  and  material  sacrificed,  and,  too,  most  of  the  harm  done  to 
patients,  has  been  due  either  to  a  complete  neglect  to  measure  the  degree  of 
hardness  of  the  radiation  and  its  amount  or  to  attempta  at  measurement  by 
onskilled  persona. 

1.    Measurements  of  Hardness 

Among  the  many  "hardness  measurers"  now  available,  those  of  Walter, 
of  Wehnelt,  and  of  Christen  are  perhaps  the  best  known.     Other  hardness 
measurers  or  penetrometers  are  those  of  Benoist,  of 
Beez,  and  of  Bauer. 

(a)    Walter's  Penetrometer 

This  consists  of  a  lead  disk,  2  mm.  thick  and  about 

20  cm.  in  diameter,  containing  8  round  openings,  each 

—  measuring  6  mm.  in  diameter ;  each  of  these  openings 

"*  M^'^^t    ^^      contains  a  sheet  of  platinum,  varying  in  thidcneBS 

Ui.  (BrCTu™"w      (0.005;   0.01;   0.02;   0.04;   0.08;   0.16;   0.32;   0.64 

a'^.    ""^  v^"'"     ™™)-     ^  front  of  the  disk  is  a  fluorescent  screen 

(lead-glass,  coated  with  barium  platmura-cyanur). 
On  testing  an  x-ray  tube,  the  number  of  circles  visible  increases  with 
the  penetrating  power  of  the  rays  being  tested;  thus,  a  tube  which  illumi- 
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nates  six  circles  is  said  to  have  a  hardness  of  6  on  the  Walter  scale ;  one 
iUnmiDating  four  circles  has  a  hardness  of  4  Walter-units,  etc 

(6)    Wehnelfs  Cryptoradiometer 

This  instrument  is  known  a9  a  Precision  Cryptoradiometer.  It  eon- 
tains  an  arrangement  hy  which  a  wedge  of  aluminium  can  be  shoved  past 
an  opening  in  a  protective  plate,  and  its  illumination  compared  with  that 
of  an  opening  filled  by  a  silver  plate  0.11  mm.  thick.  The  wedge  is 
Ehoved  along  until  the  two  areas  present  the  same  illumination.  The 
hands  and  face  of  the  observer  are  protected  by  a  lead  plate.  By  means  of 
an  attached  "cryptoseope,"  tlie 
test  can  be  made  outside  the  dark 
room. 

A  simpler  form  of  the  Wch- 
nelt  apparatus  has  been  devised, 
the  reading  of  which  depends  up- 
on an  optical  illusion.  It  is  fas- 
tened behind  the  fluorescent 
screen.  Behind  the  silver  plate 
the  screen  fluoresces  of  course 
evenly,  but  the  eye  seems  to  per- 
ceive an  unequal  illumination. 
A  pair  of  clear  areas  and  a  pair 

of  dark  areas  lie  diagonal  to  one  pig.  n.-Webneifg  Penetromeier. 

another.      The    point    at    which 

these  four  areas  meet  gives  the  hardness  of  the  radiation,  which  can 
be  read  oflF  on  a  perforated  copper  scale  on  the  fluorescent  screen.  This 
instrument  is  very  convenient,  since  fairly  accurate  readings  can  be  made 
with  it  at  a  glance.  With  the  aid  of  the  cryptoscope,  this  simple  form 
alBo  can  be  used  outside  the  dark  room. 

(c)    Chri»ten'»  AhmAute  Hardne$9  Measurer,  or  So-Called 
"  Half-Value  Lager  " 

By  using  this  instrument,  the  attempt  is  made  to  do  away  with  arbi- 
trary values  and  to  establish  an  absolute  unit  of  measurement,  the  so^ialled 
"half-value  layer";  that  is,  the  thickness  of  a  layer  of  water  which  will 
aWrb  half  of  the  radiation  striking  it,  the  other  half  passing  through. 

As  a  matter  of  fact,  water  itself  is  not  used,  but,  instead  of  it,  a  solid 
substance  (bakelit),  which  has  the  same  absorption  capacity  as  water.  The 
general  make-iip  of  the  instrument  resembles  Wehnelt's  cryptoradiometer, 
bnt  instead  of  Wehnelt's  aluminium  wedge,  we  have,  in  Christen's  instru- 
ment, an  echelon,  or  ataircaselike,  graduation  of  the  wedge,  the  individual 
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steps  of  the  staircase  being  composed  of  the  substance  having  the  same 
absorptive  power  as  water. 

The  illumination  of  a  portion  of  the  wedge  is  compared  with  that  of  an 
evenly  perforated  metal  sieve.  The  latter  yields  a  fluorescence  illumina- 
tion corresponding  to  "half-value"  since  the  areas  of  the  transverse  section 
of  all  the  sieve  openings  is  equal  to  half  the  area  of  the  transverse  section 
of  the  whole  sieve  surface.  By  removing  the  sieve  some  distance  from  the 
fluorescent  screen,  the  single  fine  openings  in  the  sieve  are  not  projected, 
but,  instead,  there  is  a  homogeneous  illumination  of  medium  grade. 

This  absolute  "half-value  layer"  represents  a  real  advance  in  hardness 
measurement  With  it,  we  can  get  a  better  idea  of  the  penetrability  of  the 
x-rays  than  is  possible  by  any  other  method;  thus,  for  example,  if  the 
half-value  layer,  as  measured,  amounts  to  0.6  cm.,  we  know  inunediately 
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that,  at  a  depth  of  0.6  cm.,  half  of  the  radiation  concerned  is  still  active, 
and  that  at  double  this  depth,  i.  e.,  at  1.2  cm.,  a  quarter  of  the  radiation  is 
still  active;  at  triple  the  depth  (1.8  cm.)  only  a  ninth,  and  so  on.  As  Janus 
and  Schittenhelm  point  out,  this  kind  of  measurement  is  especially  valu- 
able in  therapeutic  applications  of  the  x-rays  to  the  deeper  tissues,  for,  if 
one  knows  the  half-value  layer  and  the  dose  of  radiation,  he  is  accurately 
informed  as  to  the  amount  of  radiation  reaching  to  definite  depths. 

A  special  modification  of  the  half-value  measurer  for  photographic 
registration  has  been  devised.  In  it,  the  echelon  wedge  is  made  in  the 
form  of  a  circle.  The  apparatus  is  laid  on  a  photographic  plate;  a 
fly-wheel,  run  by  clock-work,  ifotates,  exposing  the  different  parts  of  the 
wedge.  The  plate  is  then  developed  and  fixed,  and  the  hardness  read  off. 
This  apparatus  is  especially  helpful  in  scientific  rcsearelics  on  the  Rontgen 
rays. 
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Z.    Measurements  of  the  Intensity  of  the  Hi^h-Tension 

Current 

In  order  to  know  the  intensity  of  the  current  entering  an  x-ray  tube, 
and,  from  it,  to  estimate  the  burden  we  are  throwing  upon  the  tube,  a 
milliamperemeter  can  be  intercalated  in  the  high-tension  circuit.  It  is 
desirable  to  use  a  large  milliamperemeter,  the  scale  of  which  can  be  seen, 
at  a  distance  of  10  or  15  feet,  in  a  darkened  room.  Since,  for  different 
purposes,  different  amounts  of  burden  are  thrown  upon  the  tube,  it  is 
necessary  that  the  milliamperemeter  be  provided  with  a  wide  range  of 
measurement  possibilities;  thus,  it  may  sometimes  be  desired  to  measure 
airrents  of  low  intensity  say  0-5  milliampercs,  as  in  rontgenoscopy  and 
in  therapeutic  applications  of  the  x-rays,  whereas,  for  rontgenography, 
stronger  currents  are  used,  for  some  tubes,  0-25  milliampercs,  for  other 
tubes,  especially  for  instantaneous  rontgenography,  0-50  milliamperes. 

The  intensity  of  the  radiation  sent  out  from  the  tube  is  approximately 
proportional  to  the  intensity  of  the  current  flowing  through  the  tube;  in 
other  words,  if  the  intensity  of  the  current  be  10  milliamperes,  the  x-ray 
effect  will  be  about  double  that  with  a  5  milliampere  current  during  the 
same  time.  It  must  be  borne  in  mind,  of  course,  that  with  currents  of 
stronger  intensity,  the  hardness  of  the  tubes  increases  to  a  certain  extent ; 
in  other  words,  a  current  of  double  strength  will  yield  a  little  more  than  a 
double  x-ray  effect. 

The  milliamperemeter  should  be  protected  by  a  small  condenser,  placed 
parallel  to  it  in  the  circuit ;  otherwise  oscillating  discharges  may  give  rise 
to  false  readings.  When  the  inductor  apparatus  is  used,  one  may  be 
deceived  by  readings  affected  by  inverse  discharge.  This  is  avoided 
entirely  in  the  modem  form  of  x-ray  apparatus,  in  which  alternating  cur- 
rent and  rectifying  switch  are  used. 

3.  Measurements  of  the  Quantity  of  Ronton  Radiation 

(Dosage  of  X-Ray;  Radiometry;  Quantimetry) 

In  therapeutic  applications  of  the  x-rays,  it  is  essential  to  know  the 
quantity  of  radiation  that  is  being  applied ;  otherwise  x-ray  burns  of  the 
skin,  or  wholly  unexpected  and  sometimes  dangerous  x-ray  effects  on  the 
organs,  will  be  obtained.  A  number  of  radiometers,  or  qiutntimeters,  have 
been  introduced.  Among  these,  the  best  types  are:  (1)  Ilolzknecht's  modi- 
fication of  Sabouraud  and  Noire's  radiometer,  (2)  Szillard's  ionto^uanti- 
meter,  and  (3)  Kienbock^s  quantimeter. 

(a)   Holzknechfs  Modification  of  the  Sdbouraud'Noire  Radiometer 

In  the  original  French  instrument,  circular  disks  7  mm.  in  diameter, 
made  of   potassium   platinum-cyanur,   of   yellowish   green   color,   were 
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exposed  at  half  of  the  focus-skin  distaDce  to  the  radiation ;  under  radiation, 
the  color  changes  gradually  to  reddish  brown.  This  discoloration  is  com- 
pared in  diffuse  daylight  with  the  discoloration  which  corresponds  to  an 
"erythema  dose,"  that  is,  to  that  dose  of  Kontgen  radiation  that  causes 
alight  inflammation  of  the  skin  and  falling  out  of  the  hair. 
Certain  precautions  must  be  observed : 

1.  The  exposure  should  be  made  in  dim  daylight  only,  owing  to  the 
fact  that  the  pastilles  are  discolored  by  bright  light;  after  tbe  exposure^ 
the  comparison  with  standard  color 

should  be  quickly  made. 

2.  The  stock  of  pastilles  should 
be  kept  in  a  cool  place,  since  heat  dis- 
colors them. 

3.  Discoloration  from  the  heat  of 
the  x-ray  tube  is  avoided  by  placing 
the  disks  at  least  2  cm.  distant  from 
tbe  glass  wall  of  the  x-ray  tube. 

4.  In  making  the  test,  the  pas- 
tilles must  be  exposed  to  the  same 
pyramid  of  rays  as  is  used  in  the 
therapeutic  treatment. 


Fig.  IB. — BabonrBad  and  NoIrM  Badk).  Fig.    17. — Holsknecht'B    Badlomcter   for 

,  meter.     (By  coartcBT  of  the  Srbel-  Direct    Beadlns   of    X-rar    Doaa^. 

del-Weetern  X-ra;  Cott  Co.)  (By  coartesr  of  V.  Mueller  A  Co.) 

With  tbe  original  instrument,  only  the  maximal  dose  could  be  meas- 
ured; with  Holzknecht'a  modification,  this  objection  is  overcome,  in  that 
the  discoloration  of  tbe  exposed  pastille  is  compared  with  the  color  of  a 
fresh  pastille  which  is  shoved  along  beneath  a  strip-  of  celluloid  of  increas- 
ing redness  until  the  two  colors  are  alike ;  on  an  adjoining  scale,  the  "dostf ' 
can  be  read  off. 

(6)    lonto-Quantimeter  of  SziUard 

This  is  an  application  of  the  fact  that  x-rays  ionize  air.  The  instru- 
ment consists  of  an  ionization  chamber,  which  is  laid  upon  the  area  of 
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the  bodj  that  ia  to  be  exposed.  The  inetrunient  is  wound  np  hy  turning  a 
crank  on  one  side  until  the  indicator  stands  at  zero.  There  is  an  adjust- 
ment by  Tvhicb  the  opening  of  the  ionization  chamber  cau  be  enlarged  or 
diminished  to  compeuBate  for  variable  grades  of  "hardness"  of  the  radi- 
ation. Kadiation  is  then  begun  and  the  advance  of  the  indicator  on  the 
scale  is  observed.  As  soon  as  the  dosage  desired  has  been  reached,  the  cur^ 
rent  is  turned  off. 


(c)    Quantitbneter  of  Kienboek 

A  small  strip  of  photographic  gas-light  paper  is  inclosed  in  black  paper, 
placed  upon  the  surface  of  the  body  to  be  treated,  and  the  exposure  begun, 
tie  x-ray  tube  receiving  a  current  of  definite  intensity  (milliamperee),  and 
the  hardness  of  the  tube  having  previously  been  measured.  After  a  certain 
definite  time-exposure,  the  gas-light  paper  is  developed  and  fixed,  and  the 
blackening  compared  with  that  of  a  standard  scale  that  permits  one  to 
read  oS  the  dose  directly.  The  difference  between  this  amount  and  the 
dosage  decided  upon  is  now  known,  and,  as  a  control,  a  second  strip  of  gas- 
light paper  is  exposed,  while  the  remainder  of  the  dose  is  given.  This 
second  strip  is  subsequently  developed  and  fixed ;  its  amount  added  to  the 
amount  indicated  by  the  first  strip,  should  correspond  to  the  exact  dosage 
determined  upon  b^oreband. 


I  would  call  attention  to  the  value  of  this  method  aa  a  protection  of  the 
rontgenologist  in  medicolegal  cases.  T£  the  strips  of  paper  as  developed 
are  kept  on  file,  they  may  form  valuable  evidence  if  the  rontgenologist 
ehould  be  wrongly  accused  and  subjected  to  lawsuit. 
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Fig.  19. — Comparatiye  Scales  of  Qnantltlmcteni. 
(By  courtesy  of  the  Scheldel-Westem  X-ray  Coll  Co.)> 


F.    Central  Projection  and  Parallel 

Projection 

L    Diver^nt  Rays  and  Central  Projection 

When  the  Eontgen  rays  start  out  from  the  tube,  the  stream  is  only  a  few 
millimeters  in  diameter  at  the  target,  but  the  rays  diverge,  and  an  organ  of 
the  body  placed  between  the  tube  $nd  a  fluorescent  screen  (or  photographic 
plate)  will  appear  in  the  picture  in  eentral  projection,  enlarged,  owing  to 
the  divergence  of  the  rays.  The  closer  the  plate  or  screen  to  the  organ, 
the  less  the  enlargement;  this  is  why,  on  looking  at  the  heart,  the  fluores- 
cent screen  is  held  over  the  heart  in  front,  rather  than  behind. 


2.    Parallel  Rays  and  Ortho-Projection 

(  Orthodiagraphy) 

In  order  to  determine  the  exact  size  of  an  organ  by  means  of  the  x-rays, 
an  apparatus  known  as  the  orthodiagraph  was  devised  by  Moritz,  and 
later  improved  by  Groedel.  It  has  been  especially  useful  in  studies  of  the 
heart. 

By  this  method,  a  complete  parallel  projection  is  made  possible ;  it  per- 
mits of  an  exact  reproduction  of  the  outlines  of  the  heart,  in  natural  size. 
This  parallel  projection  is  achieved  by  means  of  an  apparatus  which  makes 
the  x-ray  tube  movable,  so  that  a  very  small  bundle  of  the  rays,  from  the 
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anticathode,  can  be  made  to  move  in  all  directions  in  a  plane ;  the  bundle  of 
rajs  in  the  different  situations  follows  lines  which  are  parallel  to  one 
another.  Thus  the  bundle  can  be  made  to  move  around  the  margin  of  the 
organ  under  observation  (parallel  projection)  ;  the  x-ray  tube  and  the 
marker,  for  recording  the  outline  on  the  fluorescent  screen,  move  as  a  single 
piece,  being  firmly  united  with  one  another.  At  many  points,  along  the 
outline  of  an  organ  (first  the  right  margin  of  the  heart,  then  the  left  mar- 
gin, then  the  diaphragm,  the  lung  margins,  and  the  lower  edges  of  the 


Fig.  20.— Ordinary  and  Orthogonal  Projection.     (After  T.  Brugsch  and  A.  Schlttenhelm.) 

clavicles),  a  mark  is  made  on  paper  by  pressing  on  a  rubber  ball,  and  these 
marks  are  later  united  by  lines  to  form  the  "orthodiagram."  With  more 
recent  apparatus  (e.  g..  Snook's  vertical  fluoroscope),  the  orthodiagraphic 
image  is  traced  on  tracing-glass  with  a  grease  pencil,  the  simultaneous 
movement  of  the  tube  and  the  tracing-pointer  being  accomplished  by  a  set 
of  large  heavy  metal  parallelograms. 

The  orthodiagrams  obtained  over  the  normal  heart  and  over  patholog- 
ical hearts  are  described  in  the  section  dealing  with  the  diagnosis  of  circu- 
latory diseases. 


3.    Teleront^no^raphy  and  Teleront^noscopy 

Recently,  it  has  been  found  possible  to  replace  orthodiagraphy  by  the 
80H»lled  telerontgenography.  By  rontgenographing  the  patient  at  a  dis- 
tance of  2  meters  from  the  x-ray  tube,  with  a  very  short  exposure  (1/10- 


fc- 
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1/8  second),  a  rontgenogram  is  obtained  in  which  the  heart  is  of  almost 
natural  size  (Kohler),  the  error  not  exceeding  2  mm.  for  either  margin  of 
the  heart.  At  this  distance  from  the  tube,  practically  a  parallel  projection 
is  obtainecl,  and  the  error  no  greater  than  with  orthodiagraphy.  If  de- 
sired, the  same  principle  can  b0  used  for  fluoroscopic  examination  of  the 
heart  (making  a  drawing  on  the  lead-glass  of  the  fluorescent  screen)  ;  for 
this  purpose  a  drawing-stand,  permitting  of  movement  in  two  directions, 
is  a  great  convenience. 

Telerontgenograms  taken  with  the  single  impulse  apparatus  are  said 
to  yield  very  sharp  pictures  of  the  outlines  of  the  heart  as  all  blurring 
from  pulsation  is  absent 

4.    Diaphragms 

In  order  to  prevent  blurring  of  the  shadows  by  the  glass-rays  (q.  v.) 
and  by  the  secondary  radiation  (q.  v.),  it  is  necessary  to  use  diaphragms, 
or,  better  still,  tubes,  through  the  openings  of  which  the  more  central  pyra- 
mid of  rays  is  made  to  pass ;  in  this  way,  sharper  pictures,  richer  in  con- 
trast, are  obtained.  This  helps  especially  in  getting  details  of  a  lung 
apex,  or  of  a  kidney. 


G.  Photographic  Technic  in  ROntgenography 

A  few  practical  points  in  the  photographic  technic  may  be  mentioned. 

It  is  best  to  use  dry  plates  (bromid  of  silver),  especially  prepared  for  x-ray 
work  (thicker  film  of  emulsion).  Plates  of  several  sizes  are  required  (8  x  10; 
10x12;  11x14;  14x17). 

It  is  false  economy  to  use  the  cheaper  varieties  of  plates. 

Just  before  use,  a  plate  may  be  placed  in  a  black  envelope,  to  protect  it  from 
the  perspiration  of  the  patient. 

Each  plate  should  be  numbered  by  means  of  a  rontgenographic  ''plate  marker" ; 
when  helpful,  the  right  side,  or  left  side,  should  be  marked  (kidney).  The  plates 
should  not  be  too  old. 

For  rontgenography  of  the  teeth,  celluloid  dental  films f  l^"xl%",  can  be 
purchased;  they  come  in  small  envelopes  of  black  paper,  ready  for  use  in  the 
mouth. 

For  developing  the  negatives  in  the  dark  room,  a  slow  developer,  capable  of 
developing  through  the  whole  layer  of  emulsion  to  the  glass,  without  fogging,  is 
recommended;  either  a  glycin-developer,  or  a  metol-hydrochinon  developer  will 
be  found  satisfactory. 

After  development,  the  plates  are  fixed,  being  left  in  the  fixing-hath  twice  as 
long  as  is  necessary  wholly  to  dissolve  the  bromid  of  silver;  the  time  amounts  to 
at  least  six  or  eight  minutes.  The  plates  are  then  washed  thoroughly,  in  running 
water,  for  at  least  an  hour,  or  in  non-running  water,  changed  four  or  five  times,  for 
at  least  two  hours.  Unless  the  fixing  and  washing  is  thorough,  yellow  spots  will 
later  appear  on  the  negatives. 
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R    Clinical  Applications  of  the  ROntgen 

Rays 

The  shadow  pictures  obtainable,  due  to  differences  in  absorption  power 
of  the  different  tissues  of  the  body,  are  of  the  greatest  help  in  clinical 
diagnosis.  With  Dr.  F.  H.  Baetjer,  the  rontgenologist  at  the  clinic  in 
which  I  work,  and  with  his  associate,  Dr.  Waters,  I  have  had  manifold 
opportunity  to  observe  the  rontgenologicaj  shadow-pictures  in  all  kinds  of 
cKnical  conditions,  and  have  come  to  rely  upon  rontgenoscopy  and  rontgen- 
ography  as  two  of  the  most  important  aids  in  present-day  clinical  diagnosis* 

In  the  thorax,  the  cardivascular  stripe  can  be  studied  as  well  as  the 
lung  areas,  the  esophagus,  and  the  mediastinal  structures ;  tumors,  pleural 
effusions,  etc,  can  also  easily  be  made  out 

In  the  abdomen,  by  the  introduction  of  contrast  substances  like  barium 
sulphate  into  the  gastro-intestinal  tract,  or  thorium  into  the  urinary  tract, 
the  form,  position,  and  motility,  of  these  organs  can  be  accurately  studied. 
Fistuke  can  be  filled  with  bismuth  paste  before  study.  Sometimes  it  is 
helpful  to  blow  air  into  the  intestine  or  into  the  bladder,  before  taking  an 
x-ray  photograph..  The  orthopedists  have  found  help  from  oxygen  injec- 
tions into  the  joint  cavities,  before  making  the  x-ray  picture,  in  the  differ- 
entiation of  some  forms  of  arthritis. 

For  some  purposes,  observation  on  the  fluorescent  screen  (rontgenos- 
copy) is  of  greater  value.  In  other  cases,  x-ray  photographs  (rontgenog- 
raphy)  are  more  helpful.  Thus,  in  the  examination  of  the  thoracic  organs, 
and  of  the  gastro-intestinal  tract,  rontgenoscopy  is  for  most  purposes  best, 
though,  for  finer  changes  in  the  lungs,  and  for  permanent  records  of 
momentary  conditions  in  the  abdomen,  rontgenography  is  essential  In 
bone  work  and  in  genito-urinary  work,  rontgenography  is  more  valuable 
than  rontgenoscopy. 


L    Technic  of  Ront^noscopy 

In  rontgenoscopy  the  x-rays  from  the  tube  pass  through  the  body  and 
excite  the  fluorescent  screen,  held  on  the  other  side,  into  fluorescence. 
The  parts  that  most  completely  absorb  the  rays  appear,  therefore,  as 
shadows  upon  this  screen. 

(a)    Fluorescent  Screens 

These  consist  of  frames,  containing  a  plate  coated  with  a  fluorescent 
substance,  usually  barium  platinum-cyanur  in  fine  crystals,  imbedded  in 
cellulose.     The  smaller  the  crystals,  the  sharper  (though  darker)  the  pic- 
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tures  obtain&bla  By  thickening  the  layer  of  the  fluorescent  substance, 
greater  brilliance  is  obtainable,  tbotigh  the  price  is  increased.  Since  the 
brilliance  of  the  fluorescence  de- 
pends upon  the  water  of  crystal- 
lization in  the  crystals,  care  must 
be  taken  not  to  drive  off  any  of 
this  crystallization  water  (by 
heat,  pressure,  scratching,  etc.), 

A  less  expensive  screen  is  the 
so-called  "astral  screen"  (Rup- 
precht).  It  gives  results  fully 
equal  to  the  platinum  screen,  and 
is  not  so  easily  spoiled. 

To  protect  the  examiner,  the 
screen  is  covered  with  lead-glass, 
and  if  the  screen  is  held  in  the 
bands,  these  should  be  protected 
by  lead  flanges,  or  the  examiner 
may  wear  protective  gloves.  In 
^e  newer  vertical  fluoroscopes, 
the  frame  on  the  operator's  side 
carries  a  11"  xll"  screen,  cov- 
ered with  a  special  lead-glass, 
which  stops  all  the  direct  rays 
»».     .>.^....  .  ~         that  fall  upon  the  screen.     The 

Fig.    21.— Lead-protected    BSatgeiuncope.    (Bj  .'^ 

coQctMj  ot  the  scbeidei-weBtarn  x-nij       Operator    18    protected    further 
Co"  Co)  from    secondary    radiation,    by 

curtains    of   special    material    hung    around    the    patient.     Automatic 

protection  is  also  afforded 

by    mechanical    devices 

that   prevent  too   great  a 

relative    motion    between 

the  tube  and  the  screen. 
Larger  screens  are  also 

now  in  use — 18"x24", 

34"  X  30",  30"  X  40",  40" 

X  50".    For  most  purposes, 

the  smaller  screen  is  suflB- 

cient.    To  make  permanent 

records  of  the  rontgenos- 

copic  view,  one  can  draw 

visible  contours  on  the  lead-glass  surface  with  a  grease  pencil.    After  the  ex- 
amination is  over,  this  outline  is  copied  by  means  of  tracing  paper.     The 

lead-glass  plate  is  then  rubbed  dry  and  is-  ready  for  another  examination. 


CLINICAL   APPLICATIONS  66 

(b)    Vertical  €atd  Horizontal  Rdntgeno$eopy 

In  most  cases,  the  vertical  fliwroscope  is  used,  the  patient  standing,  and 
the  examiner  sitting  in  front  of  him  on  an  adjustable  stool.  Feeble 
patients  may,  when  necessary,  be  steadied  by  a  canvas  band  and  two  ver- 
tical rods  by  which  they  are  held  close  to  the  screen.  Children,  even 
sucklings,  can  be  fluoroscoped  in  the  upright  position  by  fastening  them  in 
a  "baby^s  stand"  (Grosser). 

In  the  horizontal  fluoroscope,  the  tube-case  is  placed  under  the  examin- 
ing table.  Many  varieties  are  available  (Trochoscope;  Universal  Exam- 
ining Table,  etc.). 

In  simple  rontgenoscopic  outfits,  tube  stands,  with  lead-shields,  are 
used,  but,  in  the  more  expensive  outfits,  the  tubes  are  held  in  tube  holders 
inside  a  tube-box. 

(c)    On  Certain  Details  of  Rontgenoscopy 

On  account  of  the  long  exposure  in  fluoroscopy,  special  water-cooled 
tubes,  or,  better  still,  tubes  fanned  by  cool  air,  are  desirable. 

If  the  inductor  apparatus  be  used,  the  interrupter  frequency  should  not 
exceed  30  or  at  most  40  per  second.  With  the  alternating  current  and 
rectifying-smtch  apparatus  one  uses  the  lowest  number  of  impulses  of 
which  the  machine  permits. 

The  d^ree  of  hardness  of  the  tube  varies  for  different  kinds  of  exam- 
inations. For  rontgenoscopy  of  the  lungs,  a  tube  with  a  hardness  of  8 
Wehnelt  nuits  (half-value  layer  1  cm. ;  7  Walter  units)  ;  for  rontgenoscopy 
of  the  cardiovascular  stripe,  or  of  the  gastro-intestinal  canal,  a  harder  tube 
is  desirable  (not  less  than  9  Wehnelt  units;  1.2  cm.  half-value  layer;  7  or 
8  Walter  units).  It  is  best  to  keep  tubes  of  these  strengths  available,  using 
the  one  strength  for  examining  the  lungs,  and  the  other  for  the  stomach 
and  intestines.    Used  in  this  way,  the  tubes  will  last  longer. 

As  to  the  strength  of  the  current  employed,  2-3  miUiamperes  will  be 
sufficient  with  the  inductor  apparatus,  3-5  milliamperes  with  the  alternat- 
ing current  and  reetifying-switch  apparatus. 

The  Coolidge  tube  is  especially  valuable  for  rontgenoscopy  since  the 
penetrability  of  the  rays  can  be  varied  at  will  while  the  tube  is  in  action. 

The  direction  of  the  transillumination  is  varied  according  to  the  object 
in  view.    The  following  are  the  main  directions : 

1.  Sagittal  direction. 

(a)  Dorsoventral  (tube  behind ;  fluorescent  screen  in  front). 

(b)  Ventrodorsal  (tube  in  front ;  screen  behind). 

2.  Frontal  direction;  that  is,  from  side  to  side. 

(a)  Dextrosinistral  (tube  on  right  side;  screen  on  left). 

(b)  Sinistrodextral  (tube  on  left;  screen  on  right). 
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Fl*.  23.— The  CoolIdgK  X-Mj  Tube,  Operattng  Id  Connection  with  m  Cnrrent  O^nenitlng  Dnlt 
for  HeatlDg  the  Cmthode  BplnL  The  Amperemeter  Indlotea  the  AmoanI  o(  Current 
Pautng  Throagh  the  Cathode  Spiral  of  the  Coolldge  Tabe.  (Bt  courtesy  ot  the  Knj- 
Sebeerer  Co.) 

3,  First  oblique  diameter  (fencing  position). 

(a)  Dorsoventral  (tube,  posterolateral  on  the  left;  screen,  antero- 
lateral on  the  right). 

(b)  Ventrodorsal  (tube,  anterolateral,  on  the  right;  screen,  pos- 
terolateral on  the  left). 

4,  Second  oblique  direction. 

(a)  Dorsoventral  (tube,  posterolateral  on  the  right ;  screen,  antero- 
lateral on  the  left). 

(b)  Ventrodorsal  (tube,  anterolateral  on  the  right;  screen,  pos- 
terolateral on  the  left). 

The  examiner  should  remain  at  least  5  or  10  minutes  in  the  dark  room, 
until  his  eyes  are  perfectly  adapted  to  the  darkness,  before  making  the 
examination. 

The  application  of  rontgenoscopic  methods  to  the  thorax,  heart,  great 
vessels,  trachea,  lungs,  diaphragm,  esophagus,  stomach,  intestines,  liver, 
and  spleen  will  be  referred  to  under  the  diagnosis  of  diseases  of  these 
several  organs. 
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2.    Technic  of  Ront^no^phy 

Here  a  photographic  plate  takes  the  place  of  the  fluoreecent  screen; 
after  exposure,  it  is  developed,  iixed,  washed,  dried,  and  examined  in  a 
good  illuminating  box. 

(a)    Maintenance  of  the  Patient  in  Correct  Potttbtn 

It  is  essential  that  the  patient  do  not  move  during  the  exposure.  For- 
tunately, with  the  aiternatine  current  and  rectifying-switch  apparatus, 
very  short  exposures  are  possible,  and,  with  the  single-impulse  inductor 
ipparatns,  exposures  of  only  1/200  of  a  second  snfiBce.  Still,  even  with 
iuBtantaneous  exposures,  it  is  necessary  that  the  part  shall  stand  in  pre- 
cisely correct  relation  to  the  pyramid  of  x-rays  on  the  one  hand,  and  to  the 
photographic  plate  on  the  other;  thus,  whether  the  patient  be  standing, 
sitting,  or  lying,  during  the  exposure,  the  exact  position  of  the  patient,  and 
tbe  maintenance  of  this,  are  of  great  importance.  Supports  of  various 
eorts  help  to  keep  the  patient  in  the  correct  position. 


f=^  t=^ 
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(b)     Compreation  Apparatus 

In  making  x-ray  photographs  of  the  kidneys,  and  aometimea  of  other 
parts,  especially  in  stout  individuals,  it  is  helpful  to  use  an  Albers-Schoertr 
berg  compression  apparatus,  so  as  to  lessen  the  body  thickness ;  at  the  aame 
time  the  x-rays  are  passed  through  a  ring,  or  a  iube,  in  order  to  avoid  sec- 
ondary radiation  as  much 


More  recently,  the 
Gurl  compressor,  consiat> 
ing  of  a  hroad  band,  pulled 
tightly  across  the  body  by 
means  of  a  pulley  and  lev- 
er, permits  of  strong  com- 
pression, without  causing 
pain.  Under  the  band, 
an  air  bag,  or  a  cushion, 
may,  if  desired,  be  placed, 
in  order  to  produce  strong 
local  pressure,  for  exam- 
ple, over  one  kidney. 

Fig.  25.— CompresBor  for  U«  Id  X-ray  Work   (Gurt).  It    is    COmmon,     nowa- 

days, to  combine  some 
form  of  diaphragm,  or  tube,  with  the  compression  apparatus  (e.  g..  Lam- 
hertz's  stand,  Robinson's  compression  tube). 

(e)    Hardneu  of  Tube$  Used  in  Rontgenography 

For  rontgenography,  x-ray  tubes  of  medium  hardness  (8-9  Wehnelt 
units;  1.2  cm.  half-value  layer;  7  Walter  units)  are  employed,  though  for 
taking  a  hand,  a  foot,  or  the  lungs,  a  somewhat  softer  tube  will  be  used 
(6-7  Wehnelt  units) ;  while  for  photographing  a  kidney,  harder  tubes 
(7-7.5-8-9  Wehnelt  units)  are  best.  Still  harder  tubes  are  employed 
when  photographing  the  passage  of  a  bismuth  meal  through  the  stomach 
and  intestine  (9.5  Wehnelt  units).  With  the  rectifying-awitch  apparatus, 
softer  tubes  can  be  used  with  a  higher  intensity  of  current  than  is  possible 
with  the  inductor  apparatus;  this  accounts  for  the  excellent  results  now 
being  obtained  in  ordinary  x-ray  work.  Indeed,  on  the  average,  one  can 
use,  with  the  rectifying-awiteli  apparatus,  a  tube,  softer  by  1-2  Wehnelt 
units,  than  the  tube  required  with  the  inductor  apparatus, 

(d)    Exposure  Time 

This  varies  greatly,  according  to  the  end  in  view.  Thus,  time  exposures 
last  fen  seconds,  or  a  little  longer,  with  a  current  of  2-3  milliamperes; 
quick  exposures,  last  1-10  seconds  with  a  current  intensity  of  10-30-40 
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milliamperes.  Instantaneous  exposures,  with  the  strongest  currents 
that  the  tube  will  bear,  last  from  1/20-1  second  in  the  slower  instances^ 
and  1/50-1/200  in  the  quickest  exposures  in  which  a  single  impulse  is 
used.  When  making  instantaneous  exposures,  an  intensifying  screen  is 
usually  placed  over  the  dry  photographic  plate. 

It  is  convenient  to  keep  in  mind  the  rule  that,  with  all  exposition-times, 
the  product  (milliamperes  of  current  X  time  in  seconds)  is  about  the  same. 
One  can,  therefore,  easily  calculate  the  milliamperage  that  should  be 
employed  with  a  given  exposition  time. 

The  following  table,  prepared  by  Janus  and  Schittenhelm,  shows  at  a 
glance  the  exposition-time  used  for  photographing  the  various  parts  of  the 
hody  by  means  of  the  x-rays : 


Synoptical  Table  of  Ezpositioii-Values  for  Different  Parts  of  the  Body 

(Janus  and  Scliittenhelni) 


Part  of  body  of  a  medium 
sized  adult  (say  1.68 
m.  high;  70  kg.  weignt) 


Head,  from  in  front 

Head,  from  side 

Eyes  and  nose,  lateral. . . 

Corical  spine 

Thoracic  spine .\  . . 

Thorax 

TTiorax,  lateral 

Sternum 

Heart  and  lungs 

Heart  (distant  view) 

Shoulder 

Lumbar  spine 

L«mbar  spine,  lateral . . . 

SMTum  and  coccyx 

Renal,  or  vesical,  stone. . 
Stomach  and  intestine. . . 

Pdvis,  or  hip-joint 

Ann 

Hand '.'.'.'.'.'.'.'.'.'. 

ITu^  or  knee,  from  in 

front 

Leg  or  knee,  from  side. . 
Foot 


Focus-plate 
DistaJice 


Tube-diaphragm,  or 
60  cm 

Tube-diaphragm,  or 
60  cm * 

Tube 

Tube 

Tube  or  60  cm.... 

60  cm 

60  cm 

Tube 

60  cm 

2  m 

Tube 

Tube 

Tube 

Tube 

Tube 

60  cm 

Tube  or  60  cm 

Tub3 

Tube 

Tube 

Tube 

Tube 


Hardness  op  Tube  in  Wehnblt  Unttb 


8 


9 


6 


8 


Without  Intensify- 
ing Screen 


With  Intensifying 
Screen 


Exposition-value 
"milliamperes  x  seconds 


160 
80 


200 

80 


550 


80 
25 


100 


350 

200 

120 

70 

250 

130 

70 

40 

100 

•  •  • 

86 

20 

50 

•  •  ■ 

20 

«  •  • 

240 

130 

70 

40 

140 

80 

45 

26 

180 

100 

60 

86 

120 

•  •  • 

40 

25 

60 

30 

15 

8 

200 

120 

•  •  • 

60 

150 

90 

60 

36 

400 

260 

150 

80 

•  •  • 

600 

*  •  • 

180 

400 

260 

150 

80 

360 

■  •  • 

120 

70 

140 

80 

45 

26 

400 

260 

150 

80 

60 

30 

15 

10 

16 

10 

6 

4 

180 

100 

60 

36 

140 

75 

40 

26 

70 

40 

20 

16 

40 
25 


25 
15 
20 

•  •  • 

5 
25 
25 
50 
120 
50 

•  ■  • 

15 

50 

5 

2 

20 
15 
10 


The  hardness  of  the  tube  most  suitable  for  the  various  views  is  indicated  by  bold-face  type. 
The  items  given  in  the  table  hold  only  for  work  done  with  the  best  photographic  appa- 
n\m  made  for  r5ntgenographic  purposes. 

The  exposition-time  can  also  be  very  well  determined  by  means  of  a  slide-rule  (Fig,  25). 
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To  use  the  above  table  of  exposition-values,  Janus  and  Schittenhelm 
give  the  following  example :  Let  us  suppose  that  it  is  desired  to  take  a 
photograph  of  the  stomach,  for  which  a  tube  hardness  of  9  Wehuelt  units 
is  best  On  testing  the  tube,  it  is  found  that  it  stands  well  a  current  of  8 
milliamperes.  From  the  table,  one  sees  that  the  expositionrvaliie  in  milli- 
amperes  seconds  is  80.  If  we  divide  this  exposition-value  (80)  by  the 
number  of  milliamperes  (8),  we  see  that  the  exposition-time  necessary 
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Fig.  26. — The  X-ray  Expometer.     (By  courtesy  of  the  Kny-Scheerer  Mfg.  Co.) 

(without  intensifying  screen)  is  10  seconds.  If,  on  the  other  hand,  the 
instrument  permits  of  a  current  of  strong  intensity,  say  40  milliamperes, 
only  2  seconds  exposure  time  will  be  required. 

When  using  the  intensifying  screen,  it  is  to  be  kept  in  mind  that  a 
tube,  which  has  been  measured  with  a  current  of  2-3  milliamperes,  will  be 
harder  by  about  |-1  Wehnelt  units  when  a  current  of  greater  intensity  (10 
milliamperes  and  more)  is  passed  through  it 

(e)    Intensifying  Screens 

An  intensifying  screen  consists  of  a  layer  of  calcium  tungstate,  which 
is  laid  over  the  photographic  plate,  in  an  especially  constructed  holder,  or 
^Tcassette."  Such  a  screen  will  shorten  the  exposure-time  to  1/5,  or  even 
1/30,  of  the  ordinary  time. 

(/)    Special  Clinical  Applications  of  Rontgenography 

The  special  methods  of  applying  rontgenography  to  the  paranasal  sin- 
uses, the  skull,  the  teeth,  the  lungs,  the  bronchial  glands,  mediastinal 
growths,  esophagus,  gastro-intestinal  tract,  gall  stones,  renal  stones,  vesical 
stones,  bones  and  joints  will  be  referred  to  under  the  diagnois  of  diseases 
of  these  parts. 

(g)    Stereoscopic  Rontgenography 

For  the  study  of  lesions  in  the  lung  (tubercles,  cavities,  pneumo- 
thorax), and  for  the  study  of  the  exact  position  of  stones  in  the  kidney,  or 
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ureter,  Btereoacopic  views  are  very  helpful.  In  the  clinic  in  which  I  work, 
Dii.  Dunham  and  Boardman  have  made  a  large  series  of  stereoscopic 
x-raya  of  the  lungs.  Another  series,  made  by  the  rontgenologist  to  the 
bospital,  Dr.  F.  II,  Baetjer,  in  a  number  of  normal  people,  has  been 
controlled  carefully  by  physical  examinations  made  by  Dr.  Louis  Hammon. 
We  BOW  have  stereoscopic  riintgenograms  made  as  a  routine  in  the  clinic  in 
the  more  interesting  cases  of  intrathoracic  lesion. 


Fig.  27. — The  Wheatatooe  Btereoampe.   (By  courtesy  of  tbe  RSotgen  Mfg.  Co.> 

These  stereoscopic  plates  are  indeed  very  instructive,  and  should  be 
Bsde  in  all  eases  where  the  diagnosis  is  difficult  by  ordinary  methods.  Two 
plates  are  exposed,  without  movement  of  the  part  photographed  during,  or 
between,  the  two  exposures.  The  source  of  tho  x-rays  for  one  plate  must 
tie  2i  inches  away  from  the  position  of  the  source  for  the  second  plate  (cor- 
responding to  the  average  distance  between  the  centers  of  the  two  eyes).  By 
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an  ingenious  arrangement,  the  z-ray  tube  is,  therefore,  moved  2^  inches 
between  the  two  exposures,  and  the  center  of  this  line  of  movement  is  placed 
perpendicularly  over  the  center  of  the  plate.  Thia  movement  of  the  source 
is  accomplished  by  an  automatic  tube-shifting  device.  The  vertical  dis- 
tance from  the  focus  of  the  tube  to  the  plate  should  be  14  inches  plus  the 
thickness  of  the  object.  The  position  of  the  vertical  line,  drawn  from  the 
focus-spot  of  the  tube  to  the  plate,  is  different  for  each  of  the  two  plates 


because  of  Uie  movement  of  the  tube  between  exposures.  The  foot  of  the 
vertical  line,  at  the  point  where  it  rest  on  the  plate,  is  called  the  "foot- 
point"  (Eijkmann).  The  operator  marks  the  location  of  the  "foot- 
points"  on  his  finished  plates ;  when  viewing  them,  later,  in  the  WhMtatono 
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stereoscopei  he  places  them  in  the  illuminating  box,  glass  side  out,  and  with 
the  "foot-points'^  toward  the  back  of  the  boxes.  In  viewing  the  plates  in 
the  stereoscope,  the  eyes  of  the  observer  must  optically  replace  the  focus- 
spots  of  the  tube,  in  order  to  get  correct  impressions  of  depth  without 
distortion. 

Various  plate-changing  devices  are  used;  these  must  support  the  object 
while  the  plates  are  being  changed.  Among  them  may  be  mentioned  (1)  the 
non-automaiic  stereoscopic  plate-changer;  (2)  the  automatie  stereoscopic 
iumd  plate-changer.    The  latter  shifts  the  plates  in  less  than  one  second. 

With  the  rectifying-switch  form  of  apparatus,  it  is  easy  to  make  a  pair 
of  14"  X  17"  chest  plates  in  three  seconds.  The  pulling  of  a  cord  releases 
the  spring  that  shifts  the  plates. 

In  making  stereoscopic  rontgenograms  of  the  kidneys,  it  is  very  con- 
venient to  have  a  stereographic  table  with  automatic  shifting  apparatus  and 
compression  rings.  Such  tables  are  provided,  also,  with  an  inclined  plane 
for  frontal-sinus  work. 

(h)    Cinematographic  Rontgenographg 

Attempts  have  been  made  to  prepare  cinematographic  films  of  moving 
organs  in  the  body,  photographed  by  the  x-ray ;  thus,  the  shadows  on  a 
fluorescent  screen  have  been  directly  photographed  by  an  ordinary  cinema- 
t(^aphic  apparatus,  but  unfortunately  the  yellow  light  of  the  fluorescent 
screen  has  very  slight  photographic  effect.  Cinematographic  photographs 
have,  however,  been  taken  by  this  method  of  the  internal  organs  of  dogs 
and  monkeys,  the  number  of  reproduction-pictures  per  second  being 
exactly  the  same  as  the  number  of  photographs  taken. 

Other  workers,  by  means  of  a  rapid  plate-changing  machine,  have 
taken  x-ray  photographs  on  single  plates,  the  x-ray  tubes  being  excited 
synchronously  with  the  change  of  plates,  by  means  of  the  single-impulse 
apparatus.  Thus  far,  it  has  not  been  possible  to  take  more  than  4  or  5 
photographs  per  second  by  this  method.  Since  to  produce  cinematographic 
effects,  it  is  necessary  to  reproduce  15-18  pictures  per  second,  these  inves- 
tigators have  copied  the  picture  from  each  single  plate  three  or  four  times 
on  the  film,  thus  making  the  so-called  pseudo-cinematographic  film  from  the 
hino-series  plates  (Groedel ;  Rosenthal).  Groedel  of  Nauheim  has  taken  a 
kino-series  simultaneously  with  electrocardiograms  on  which  were  marked, 
electrically,  the  times  of  the  taking  of  the  single  rontgenograms. 
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Part  III 

Exploratory  Puncture  and   Exami- 
nation of  the  Fluids  Obtained 

In  this  chapter  we  shall  consider : 

(A)  The  technic  of  exploratory  puncture  of  the  pleural  cavitv, 
pericardial  cavity,  peritoneal  cavity  and  the  subarachnoid  space ;  and  other 
exploratory  punctures  (liver,  spleen,  kidneys,  joints,  etc.)  less  commonly 
made; 

(B)  The  examination  by  chemical  and  physical  methods  of  the  fluids 
obtained ;  and 

(C)  The  examination  by  bacteriological,  serological  and  cytodiagnostic 
methods  of  the  fluids  obtained. 


A.    The  Technic  of  Exploratory  Puncture 
1.    Exploratory  Puncture  o(  the  Pleural  Cavity 

If  we  suspect  the  presence  of  fluid  in  the  pleural  cavity,  and  desire  to 
inform  ourselves,  definitely,  as  to  this  point,  we  resort  to  exploratory  punc- 
ture; we  introduce  a  sterile  needle  into  the  pleural  sac,  and,  if  fluid  is 
obtained,  we  investigate  its  nature. 

Physicians  are  often  too  dilatory  in  resorting  to  the  needle  for  differ- 
ential diagnosis.  Information  regarding  the  pathological  state  and  its 
etiology  can  often  be  more  promptly  and  definitely  obtained  by  exploratory 
puncture  than  in  any  other  way,  and  the  results  may  be  highly  important 
for  therapy.  At  the  same  time,  the  clinician  should  not  put  in  a  needle 
before  he  has  made  a  thorough  examination  by  the  ordinary  physical 
methods.  A  careful  physical  examination  will  give  the  indication  for  the 
exploratory  puncture  if  it  exist,  and  will  do  much  to  prevent  an  unneces- 
sary or  a  "dry  tap."  The  most  skilled  physical  examiner  will  occasionally 
be  in  doubt  in  making  the  differential  diagnosis  between  pleural  effusion^ 
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pleural  tliickening,  and  iofiltratioQ  of  the  lung.    Here  the  results  of  punc- 
ture are  usually  decisive. 

In  suspected  empyema,  one  may  have  to  puncture  at  several  points 
before  finding  the  pus.  It  is  better  to  make  one  or  two  fruitless  punctures 
than  to  overlook  something  important  through  neglect  to  use  the  needle^ 

Syringe  for  Fletiral  Exploration. — A  syringe  with  glass  cylinder,  per- 
mitting one  immediately  to  see  any  fluid  removed,  is  required.  The  most 
satisfactory  syringe,  in  my  experience,  is  tlie  Record  syr- 
inge, with  metal  piston  exactly  fitted  to  the  cylinder 
(Fig.  20).  It  comes  in  a  metal  case,  which  can  be 
used  as  a  sterilizing  vessel.  The  piston  should  be  re- 
moved from  the  syringe  during  sterilization,  in  order 
not  to  break  the  glass  cylinder.  The  hollow  needle 
•  should  be  sharp,  at  least  6  cm.  in  length,  and 

should  have  a  lumen  large  enough  to  permit 
',  of  the  passage  of  thick  pus. 

Preparation  of  the  Part. — The  part  to  be 
punctured  is  scrubbed  with  soap  and  water, 
dried  with  a  sterile  towel,  and  swabbed  with 
tincture  of  iodin  to  render  the  skin  aseptic. 

"When  possible,  it  is  best  to  have  the  pa- 
tient sit  up,  but  if  be  be  too  ill  for  this,  he 
may  lie  upon  his  side,  near  the  edge  of  the 
bed.  The  arm  of  the  side  to  be  tapped  may 
be  pulled  up  hv  an  assistant,  or  the  patient 
may  himself  hold  his  hand  on  top  of  his  head. 
Technic  of  Puncture. — Having  chosen  the  intercostal  space  to  be  punc- 
tured, the  physician  presses  the  tip  of  the  index  finger  of  his  left  hand 
firmly  in  this  space,  so  as  to  press  the  ribs  still  further  apart.  The  syringe 
is  held  in  the  right  hand  while  the  needle  is  introduced  perpendicular  to 
the  skin  surface,  close  to  the  upper  margin  of  the  rib  beneath  the  space  to 
he  punctured,  so  as  to  avoid  the  intercostal  artery  which  runs  along  the 
lower  margin  of  the  rib  above.  With  care,  the  needle  should  not  strike  a 
rib,  but  if  the  examiner  meet  with  this  mishap  owing  to  a  very  narrow 
intercostal  space,  he  must  draw  the  needle  back  and  try  again.  In  the 
back,  the  thickness  of  the  chest  wall  is  considerable,  and  the  tyro  may  be 
surprised  atthedistance  to  which  it  is  necessary  to  push  a  needle  (4^6  cm.) 
before  the  pleural  cavity  is  entered.  Usually  one  can  feel  distinctly  when 
the  tip  of  the  needle  passes  through  the  parietal  pleura  into  the  fluid.  On 
pulling  the  piston  hack  a  little,  the  fluid  will  then  be  seen  to  enter  the 
syringe,  and,  if  desired,  the  syringe  may  be  filled  with  fluid  before  with- 
drawing. If,  however,  no  fluid  appear,  the  needle  may  not  be  far  enough 
in,  or  it  may  have  been  pushed  too  far,  and  have  penetrated  the  lung.  By 
keeping  a  vacuum  in  the  syringe  and  pushing  the  needle  a  little  further  in, 
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or  withdrawing  it  a  little,  the  fluid  will  be  obtained  if  any  be  present  in 
the  pleural  cavity  in  the  region  punctured.  A  thickened  pleura  may  cause 
a  greatly  increased  sense  of  resistance  when  the  needle  reaches  it  Some- 
times fluid  will  be  found  beyond  such  a  thickened  pleura. 

If  the  lung  be  penetrated,  a  little  blood  may  enter  the  syringe.  Usually 
puncture  of  the  lung  is  entirely  harmless,  and  in  pneumonia,  where  it  is 
desirable  for  serotherapeutic  reasons  quickly  to  establish  the  type  of  pneu- 
mococcus  causing  the  inflammation,  lung  puncture  may  be  resorted  to  for 
the  purpose  if  suitable  sputum  be  unavailable  (R.  I.  Cole). 

If  a  dry  tap  result  when  the  physical  examination  points  strongly  to 
pleural  exudate,  the  needle  should  be  removed  and  examined  to  make  sure 
(1)  that  it  is  not  plugged,  and  (2)  that  it  possesses  good  suction  power;  if 
the  needle  be  found  to  be  working  properly,  the  puncture  should  be  repeated 
in  an  adjacent  region.  A  dry  tap  is  occasionally  due  to  flocculi  of  fibrin  in 
the  fluid. 

Site  of  Pleural  Pnnctiire. — In  choosing  the  spot  for  puncture,  the  clini- 
cian will  be  guided  by  the  physical  signs,  and,  especially,  by  the  presence  of 
flatness.  If  there  be  a  flat  area  at  the  base,  the  puncture  will  be  made 
somewhere  between  the  upper  border  of  flatness  and  the  level  of  the  dia- 
phragm; since  it  is  important  not  to  injure  the  latter,  it  is  a  good  rule  not 
to  puncture  at  a  level  lower  than  that  of  the  normal  limit  of  the  lung 
(upper  margin  of  the  7th  rib  in  the  right  mammillary  line ;  upper  margin 
of  the  8th  rib  in  the  mid-axilla ;  upper  margin  of  the  9th  rib  in  the  scapular 
line). 

If  interlobar  empyema  on  the  right  side  be  suspected,  a  puncture  in 
the  fourth  space  in  the  right  axilla,  is  the  site  of  predilection.  The 
chest  wall  is  especially  thin  in  the  axilla.  On  the  left  side,  on  account  of 
the  position  of  the  heart,  it  is  a  safe  rule  not  to  puncture  in  front  of  the 
anterior  axillary  line.  When  fluid  is  free  in  the  pleural  cavity,  puncture 
in  the  scapular  line  is  best;  but,  when  the  exudate  is  encapsulated,  one 
chooses,  when  practicable,  the  center  of  the  area  of  flatness. 

Bemoval  of  Large  Amounts  of  Fluid  from  the  Pleural  Oavity. — For 
this  purpose  an  aspirator  (Fig.  30)  attached  to  a  pleural  trocar  is  best. 

A  pleural  trocar  consists  of  a  cannula  with  a  lumen  of  2-4  mm., 
armed  with  a  sharp  pyramidal  stylet,  which  can  be  withdrawn  after  punc- 
turing the  pleural  sac  so  as  to  let  the  fluid  run  through  a  lateral  tube 
into  the  aspirating  chamber,  while  at  the  same  time  no  air  can  enter  the 
pleural  cavity.  The  fluid  should  be  drawn  off  slowly,  at  least  20  minutes 
being  allowed  for  1  liter,  and  it  is  unwise  to  remove  more  than  a  liter,  or  a 
liter  and  a  half,  at  a  time.  To  prevent  coughing,  the  aspiration  should  be 
preceded  by  the  injection  of  a  sixth  of  a  grain  of  morphin. 

If  a  patient  begins  to  cough  during  aspiration,  the  withdrawal  of  fluid 
should  be  stopped  for  a  moment;  if  the  coughing  persists,  and  especially  if 
it  becomes  at  all  violent,  the  procedure  should  be  interrupted  by  removal  of 
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the  needle,  (1)  owing  to  the  danger  of  injurmg  the  lung;  and  (2)  on 
account  of  the  danger  of  inducing  so-called  albuminous- expectoration  by 
withdrawal  of  too  much  fluid;  in  the  latter,  the  patient  coughs  up  large 
quantities  of  frothy  serum  (danger  of  asphyxiation). 


If  pus  is  present  in  the  pleural  cavity,  removal  hj  aspiration  is  insuffi- 
cient, except  perhaps  in  young  children.  Instead  of  aspiration,  the  pus 
cavity  should  be  drained  by  incision,  and  in  most  cases,  to  insure  free 
drainage,  a  portion  of  a  rib  should  be  excised. 


2.    Exploratory  Puncture  oE  the  Pericardial  Cavity 

This  is  resorted  to  when  the  presence  of  fluid  in  the  pericardial  cavity 
is  suspected,  and  especially  when  the  size  of  the  exudate,  or  the  course  of 
the  disease,  makes  removal  of  the  fluid  for  therapeutic  reasons  seem  advis- 
able. The  actual  exploratory  puncture  determines  the  presence  or  absence 
of  fluid,  and,  when  fluid  is  present,  its  nature. 

The  skin  is  rendered  aseptic  with  soap  and  water  and  with  tincture  of 
iodin,  and  the  puncture  is  made  with  a  Record  syringe,  as  in  the  case  of 
pleural  puncture  {vide  supra). 
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In  diseases  ordinarily  accompanied  only  by  a  serous  or  serohemorrhagio 
exudate,  the  determination  of  the  nature  of  the  fluid  by  puncture  may  not 
be  important;  but,  in  septic  processes,  the  differentiation  of  a  purulent 
exudate  from  a  serous  exudate  in  the  pericardial  cavity  may  be  life- 
saving. 

Having  introduced  the  point  of  the  needle  well  under  the  skin  and 
then  having  withdrawn  the  piston  so  as  to  create  a  vacuum  in  the  syringe, 
one  pushes  the  needle  slowly  in  until  the  fluid  is  reached  and  a  drop  or  two 
b^ins  to  appear  in  the  syringe.  If  the  accumulation  of  fluid  be  consider- 
able, the  needle  may  be  introduced  in  the  5th  or  6th  intercostal  space,  just 
lateral  from  the  mammillary  line,  at  a  point  beneath  which  there  is  abso- 
lute dullness  but  no  pleural  friction  or  cardiac  pulsation.  The  needle  should 
be  directed  obliquely  inward  and  to  the  right,  toward  the  apex  of  the 
heart  With  this  precaution,  the  heart  will  usually  be  avoided,  but  should 
the  needle  touch  the  apex  of  the  heart,  no  harm  is  done  as  a  rule. 

If  the  accumulation  of  fluid  in  the  pericardial  sac  be  small,  one  may 
puncture  in  the  5th  or  6th  space  on  the  left  side,  medial  from  the  mammil- 
lary line,  at  the  most  lateral  region  of  absolute  dullness. 

H  the  effusion  be  large,  the  needle  may  be  introduced  in  the  left  costo* 
xiphoid  angle,  and  be  passed  upward  and  backward,  close  to  the  costal 
margin. 


3.    Exploratory  Puncture  of  the  Peritoneal  Cavity 

If  fluid  be  suspected  in  the  abdominal  cavity  (ascites;  inflammatory 
exudate),  the  physical  examination  may  reveal  shifting  dullness  in  the 
flank,  or,  if  the  quantity  be  large,  a  fluctuation  wave.  When  desirable  to 
examine  some  of  the  fluid  for  diagnostic  purposes,  or  if,  for  therapeutic 
reasons,  the  fluid  should  be  drained  off,  we  resort  to  abdominal  tapping 
{paracentesis  abdominis).  The  patient  sits  up  in  bed,  most  conveniently 
on  the  edge  of  the  bed,  the  back  being  well  supported  by  pillows  or  by  an 
assistant.  The  skin  is  rendered  aseptic  (soap  and  water;  tincture  of 
iodin).  Before  tapping,  one  should  make  sure  that  the  bladder  is  empty, 
passing  a  catheter  if  there  be  doubt 

The  needle,  or  the  trocar,  is  introduced  in  an  area  over  which  there  is 
flatness  or  percussion,  preferably  in  the  middle  line,  a  little  below  the 
nmbilicus,  or  in  the  lower  left  quadrant  at  about  the  junction  of  the  middle 
and  lateral  third  of  the  line  drawn  from  the  umbilicus  to  the  anterior 
superior  iliac  spine  (avoidance  of  arteria  epigastrica  at  the  margin  of  the 
rectus  abdominis).  If  a  trocar  be  used,  the  puncture  is  made  with  the 
stylet  in.  When  the  peritoneal  cavity  has  been  entered,  the  stylet  is  with- 
drawn and  the  fluid  allowed  to  flow  out. 

If  a  large  quantity  of  ftuid  is  to  be  removed,  it  is  well  to  sui[rou|id  the 
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abdomen  with  a  long  bandage,  slit  at  each  end,  so  that  pressure  can  be 
exerted  upon  the  abdominal  cavity  as  the  fluid  is  withdrawn;  otherwise, 
the  lowering  of  the  abdominal  pressure  during  evacuation  may  lead  to 
dilatation  of  the  splanchnic  blood  vessels  and  cause  cerebral  anemia  and 
collapse. 

After  the  tapping,  the  puncture  woimd  is  covered  by  a  small  pad  of 
gauze  held  ill  place  by  a  strip  of  adhesive. 


4.    Exploratory  Puncture  of  the 

(Lumbar  Puncture) 


Space 


i 


k 


This  procedure,  introduced  in  1891  by  Quincke,  permits  us  to  secure 
the  liquor  cerebrospinalis  from  the  subarachnoid  space  for  clinical  study. 

This  cerebrospinal  fluid  occupies  the  space 
between  the  pia  mater  and  the  arachnoid. 
The  subarachnoid  space  is  in  communica- 
tion, normally,  with  the  ventricle  of  the 
brain  through  the  foramen  of  Magendie 
and  the  lateral  apertures  of  the  fourth 
ventricle. 

Lumbar  puncture  is  of  the  greatest 
importance  in  the  diagnosis  of  the  differ- 
ent forms  of  meningitis  and  of  luetic  af- 
fections of  the  central  nervous  system. 
Lumbar  puncture  and  lumbar  injection 
are  now  important  procedures  in  the 
therapy  of  meningitis,  of  tabes,  and  of 
dementia  paralytica. 

Technic. — A  hollow  needle,  7-9  cm. 
long,  with  a  caliber  of  0.6-1.2  mm.  (or 
19-20  Standard  gauge),  armed  with  a 
steel  stylet  is  the  instrument  used.  To 
the  outer  end  of  the  needle,  a  calibrated 
glass  tube,  30  cm.  long,  can  be  connected 
by  rubber  tubing,  for  the  determination 
of  the  pressure  exerted  by  the  fluid. 
Two  sterile  test  tubes  closed  with  sterile 
cotton,  should  be  in  readiness  for  the  re- 
ception of  the  fluid. 

Special    instruments    for   measuring 

the  pressure  have  been  devised  by  Kroenig 

Fig.  3i.-Trocar  for  Lumbar  Punc-     and  by  Kausch,  but  the  simple  instru- 

ture  Showing  the  Stylet  In  Place,  .      .  r  i  •!      i   •  /v>    • 

and  Withdrawn.  mentarium  above  described  is  sufficient. 
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Fig.  32. — AppantQB  (or  Lombar  PuDetare:  (a)KrODlg'B  Apparatui,  (b)  Kaaicb'l  Apparatus. 
(From  P.  Knoae,  "Lebrb.  d.  kiln.  Dlasnostlk  d.  taiDer.  KraakhelteD,"  pabllili^d  b;  G. 
Fbcb^r,  J«D«.) 

Tbe  puncture  may  be  don©  with  the  patient  either  in  the  sitting  posi- 
tion, or  in  the  lateral  posture,  lying  on  the  left  side,  with  the  head  and 
Bbouldera  bent  forward 
and  the  knees  drawn  up 
toward  the  chin,  so  as  to 
increase  the  width  of  the 
intervertebral  spaces. 

The  skin  over  the 
Inmbar  spine  is  thor- 
oughly disinfected  with 
soap  and  water,  suhli- 
nate,  alcohol  and  ether, 
or,  perhaps  better,  with 
tincture  of  iodin.  The 
hands  of  the  physician 
and  his  instruments  are 
of  course  rendered  asep- 
tic before  making  the 
puncture. 

The  needle  may  he 
introduced  between  the 
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second  and  third,  the  third  and  fourth,  or  tJie  fourth  and  fifth  lumbar  ver- 
tebrae. In  the  majority  of  cases,  it  is  easiest  to  puncture  between  the 
third  and  fourth  lumbar 
vertebrae.  If  one  draws  a 
line  between  the  highest 
points  of  the  two  iliac 
crests,  this  line  will  pass 
through  the  spinous  proc- 
ess of  the  fourth  Ininbar 
vertebra.  The  space  above 
this  spine  is  the  one  usu- 
ally chosen  for  puncture. 
In  children,  the  needle 
should  be  introduced  ex- 
actly in  the  middle  lin^ 
and  should  be  directed  al- 
most straight  forward,  or 
a  trifle  upward;  in  the 
child,  the  needle  passes  2 
or  3  cm.  into  the  depth  be- 
f  o  r  e  the  subarachnoid 
space  is  reached. 

In  the  adult,  puncture 

rig.  84^ — BelecUon  ot  Point  far  LumMc  Pimctare  Smt     in   the  middle  line  18   the 
best  routine  procedure;  it 
is  sometimes  easier  how- 
ever to  introduce  the  nee- 
dle at  a  point  about  1  cm.  lateral  from  the  middle  line  at  a  level  correspond- 
ing to  the  junction  of  the  middle  and  

lower  thirds  of  the  spinous  process  of 
the  third  lumbar  vertebra.  The  needle 
is  directed  forward  and  medialward,  so 
as  to  reach  the  meninges  at  about  the 
middle  line.  In  this  way,  the  tough 
interapinous  ligament  is  avoided.  In 
the  adult,  the  meninges  lie  5-6  cm. 
from  the  surface;  the  needle  must.       "»■  .fir'^l?'^",^'^"^^"^    '°,  ^ 

.  1         1   »  J.  Adult.     Note    the    PlBsage   of    the 

therefore,  be  introduced  for  a  distance  Ne«die  ThronKb  tbe  Soft  Parta  ud 

of  6-7   cm.  before  the  subarachnoid  J?*     intert.mto»r     Si«<*.       The 

Needle  has  been  iDBerted  SomewbBt 

space    IS    reached.       After    passing  Lateral  from  the  Median  Line. 

through  the  rather  tough  intervening 

tissue,  the  sudden  letting  up  of  the  resistance  announces  the  entrance  of 

the  point  of  the  needle  into  the  subarachnoid  space. 

Since  tbe  spinal  cord  doeQ  not  pass  below  the  level  of  the  second  lumbar 
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vertebra,  it  cannot  be  injured  by  lumbar  puncture.  ,  One  might,  of  course, 
strike  one  of  the  ner\'es  of  the  cauda  equina,  but  thia  rarely  occurs. 

If  the  point  of  the  needle  be  misdirected,  it  may  strike  against  bone; 
in  this  event  it  should  be  withdrawn  a  little,  and  the  needle  directed  a  little 
more  downward,  as  it  is  usually  the  bone  above  the  space  which  is  struck. 

After  the  needle  has  reached  the  space,  the  stylet  is  withdrawn  and  the 
cerebrospinal  fluid  appears,  usually  drop  by  drop.  To  measure  the  pres- 
sure, the  sterile  glass  and  rubber  tubing  are  immediately  applied  after 
withdrawal  of  the  mandrin. 

If  the  pressure  is  not  to  be  measured,  the  fluid  may  be  collected  directly 
in  two  sterile  test  tubes,  say  2  cc  in  each. 

Now  and  then,  blood-tinged  fluid  is  obtained.    Occasionally,  this  is  due 
to  hemorrhage  into  the  subarachnoid  space  that  has  occurred  before  the 
puncture,  but,  as  a  rule,  it  is  due  to  injury  of  a  minute  vessel  at  the  time  of 
ptULcture.    This  contamination  of  the  fluid  by  blood  is  a  regrettable  occur- 
rence, since  it  interferes  with  eytodi- 
.  may  necessitate  another 
ter  on. 

ifBcient  amount  (2-10  cc. 
ic  purposes)  has  been  col- 
needle  is  quickly  with- 
lall  wad  of  sterile  gauze 
:  the  puncture,  and  held 
h  a  strip  of  adhesive, 
ment  of  the  PressnrQ, — 
tted  glass  tube  be  at  hand 
ng  the  pressure,  a  piece  of 
lain  tubing  (small  bore!) 
lay  be  used,  and  the 
eightof  the  fluid  measured 
'ith  an  ordinary  tape. 


m>- 


R(.  se. — Uanonetct  to  be  Vtea  In  Lumbar  Pnnctnre.  The  Scale  give*  the  Absolute  Value  In 
mm.,  the  Preuure  Measured  la  Twice  the  Reading.  (After  E.  NelBaer,  "Handbuch  d. 
N«iiroJ.,"  published  by  J.  8prias<^r,  Berlin.) 

The  pressure  of  the  cerebrospinal  fluid  under  normal  conditions  corre- 
sponds to  40-100  mm.  of  water  when  the  patient  is  in  the  recumbent  posi- 
tion and  breathing  quietly.  Before  reading  the  pressure,  one  should  wait 
until  the  patient  is  entirely  quiet,  since  movements  increase  the  pressure. 
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Any  pressure  above  150  mm.  is  pathological.  In  meningitis,  and  in 
hydrocephalus,  the  pressure  may  be  very  high,  200—400  mm.  or  more. 
Sometimes  the  fluid  is  not  under  pressure  at  all.  It  should  be  remembered 
that,  in  the  sitting  position,  the  pressure  may  be  twice  as  high  as  in  the 
recumbent  posture.  Slight  oscillations  of  pressure  (as  much  as  20  mm.) 
may  be  noticeable ;  these  are  probably  djie  to  the  pulsations  of  the  arteries 
at  the  base  of  the  brain,  and  to  respiration. 

Effects  of  Lumbar  Puncture. — ^After  lumbar  puncture,  it  is  not  uncom- 
mon for  patients  to  suffer  from  severe  headache  for  periods  varying  from  a 
few  hours  to  a  week  (meningeal  irritation).  This  is  usually  more  severe 
in  persons  with  normal  spinal  fluid  than  in  those  with  inflammatory 
fluids — and  is  often  aggravated  by  withdrawal  of  large  amounts  of  fluid. 

In  a  few  cases,  sudden  death  has  followed  lumbar  puncture.  Most  of 
these  deaths  have  been  in  cases  of  tumor  cerebri,  a  few  of  them  in  menin- 
gitis, or  in  cerebral  apoplexy. 

To  avoid  the  dangers  of  lumbar  puncture,  and  to  minimize  the  subsequent 
headache,  certain  rules  should  be  strictly  followed: 

1.  When  possible,  the  pimcture  should  be  made  in  the  lateral  recumbent  posi- 
tion rather  than  in  the  sitting  position. 

2.  The  patient  should  be  kept  in  bed,  flat  on  his  back,  with  the  head  low,  for 
at  least  12  to  24  hours  after  the  puncture. 

3.  Only  small  amounts  of  fluid  should  be  removed  except  in  cases  of  meningitis. 

4.  Great  caution  should  be  observed  if  puncture  be  done  in  cases  of  tumor 
cerebri,  where  the  pressure  is  increased. 

6.  One  may  be  tempted  to  do  lumbar  puncture  in  dispensary  or  oflBce  prac- 
tice among  ambulant  patients,  but  this  is,  whenever  possible,  to  be  avoided. 

For  the  headache  that  sometimes  follows  lumbar  puncture,  a  little 
pyramidon,  aspirin  or  phenacetin,  with,  or  without,  a  half  grain  of  codein, 
will  give  some  relief.  Kest  in  the  completely  recumbent  posture  is  impei^ 
ative.  The  patient  can  be  assured  that  the  headache  will  certainly  pass  off 
in  a  few  days,  though  I  have  often  seen  it  last  a  week.  Recently,  it  has 
been  discovered  that  a  glass  of  water,  taken  hourly,  for  several  hours 
before  and  after  lumbar  puncture  will  often  prevent  the  "lumbar-punc- 
ture headache." 

Skilfully  performed,  lumbar  puncture,  as  a  rule,  causes  but  little  pain, 
though,  in  highly  neurotic  patients,  gas  anesthesia  may  be  necessary.  In 
apprehensive  patients,  an  ethyl  chlorid  spray  robs  the  actual  puncture  of 
much  of  its  accompanying  pain. 

I  have  been  struck  with  the  little  inconvenience  experienced  on  lumbar 
puncture  by  patients  who  suffer  from  tabes  or  from  dementia  paralytica. 
It  would  seem  as  though  such  persons  were  almost  anesthetic  to  lumbar 
puncture. 
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5.    Exploratory  Puncture  of  the  Skull  Cavity 

(Neisser  and  PoUak) 

This  method,  considerably  used  in  Germany,  has  not  become  popular  in  Amer- 
ica. Here,  we  prefer  exploratory  puncture,  after  exposing  the  meninges  by  surgi- 
cal operation  like  that  used  for  decompression  of  the  brain  (Gushing).  In  Qer- 
many,  the  method  is  employed  in  suspected  cerebral  abscess,  in  hydrocephalus,  and, 
sometimes,  in  cases  of  tumor,  or  of  cerebral  hemorrhage.  I  regard  it  as  an 
mmecessary  knd  unjustifiable  procedure. 
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Puncture  of  the  liver  may  be  necessary  in  the  diagnosis  of  hepatic 
absc^s,  or  of  echinococcus  cyst  (see  Part  VIII).  As  a  rule,  however,  an 
exploratory  laparotomy  is  better. 

Puncture  of  the  spleen  was  formerly  much  used  in  the  diagnosis  of 
malaria.  It  is  rarely  necessary,  however,  and  is  not  devoid  of  danger. 
In  the  tropics,  splenic  puncture  is  often  undertaken  for  the  diagnosis  of 
kala-azar  (see  Part  IV). 

Puncture  of  the  kidney  is  sometimes  undertaken  for  the  purpose  of 
studying  the  contents  of  a  cyst  or  an  abscess.  It  is  rare,  however,  that 
renal  puncture  is  advisable  (see  Part  X). 

Puncture  of  a  joint-cavity  is  sometimes  undertaken  for  cytodiagnostic 
or  bacteriodiagnostic  reasons,  sometimes  as  a  therapeutic  measure.  It 
should  be  aseptically  done,  with  a  medium  sized  needle. 

Puncture  of  a  lymph  gland  may  be  necessary  in  the  diagnosis  of 
sleeping-sickness.  Or  a  bubo  may  be  punctured  with  bacteriodiagnostic 
intent  (Bacillus  of  Ducrey;  Treponema  pallidum;  Bacillus  pestis). 
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B.    Physical  and  Chemical  Examination  of 

Punctates 

L    Fluids  from  the  Pleural,  Pericardial  and 

Peritoneal  Cavities 

These  may  owe  their  origin  to  mechanical  factors  (transudates)  or  to 
inflammations  of  the  corresponding  serous  membranes  (exudates). 

In  studying  punctates,  we  pay  attention  to  (a)  the  appearance,  (b)  the 
odor,  (c)  the  specific  gravity,  (d)  the  quantity  of  protein,  and  (e)  (in 
some  cases)  the  freezing  point  (molecular  concentration). 

(a)    Appearance  of  Punctates 

We  notice  whether  the  punctate  is  clear  and  yellowish  (serous),  or  tur- 
bid, owing  to  the  presence  of  cells  or  fibrin.  Sometimes  the  fluid  looks 
milky,  due  to  the  presence  of  emulsified  fat  (chylous  effusion),  or  to  finely 
divided  insoluble  protein  or  lecithin  (pseudo-chylous  effusion).  A  hemor- 
rhagic punctate  can  be  recognized  by  its  red  color.  It  is  of  great  impor- 
tance, indicating,  as  a  rule,  either  tuberculous  or  carcinomatous  disease, 
though  it  may  sometimes  depend  upon  a  general  hemorrhagic  diathesis. 

(b)    Odor  of  Punctates 

This  should  be  noted  especially  in  purulent  punctates,  particularly  if  a 
complicating  gangrenous  process  be  suspected. 
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(c)  Specific  Gravity  of  Punctates 

The  specific  gravity  of  the  fluid,  as  determined  by  an  aerometer,  is  of 
importance  in  distinguishing  transudates  from  exduates.  Most  aerom- 
eters are  calibrated  for  fluids  having  a  temperature  of  16-17°  C.  Since 
punctates  often  coagulate  at  these  low  temperatures,  it  is  advantageous  to 
use  an  aerometer  calibrated  for  a  temperature  of  36°  C.  (Englander),  and 
to  make  the  determination  immediately  after  the  withdrawal,  using  a 
graduate  previously  warmed  to  a  temperature  of  36°  C.  in  a  water-bath. 

If  an  ordinary  aerometer  (standardized  for  15°  C.)  is  used  when  the 
fluid  is  warm,  the  readings  may  be  corrected  by  adding  0,001  for  every  3° 
of  temperature  above  15°  C. 

Inflammatory  exudates  from  the  pleural  cavity  often  have  a  speciflc 
gravity  of  1018-1020,  from  the  peritoneal  cavity  sometimes  having  a 
specific  gravity  as  high  as  1030.  Pleural  transudates,  on  the  other  hand, 
usually  have  a  lower  speciflc  gravity  (1010-1015).  In  ascites,  especially 
in  tie  form  accompanying  cachectic  or  hydremic  states,  the  speciflc  gravity 
of  tie  transudate  may  fall  as  low  as  1005. 

The  speciflc  gravity  depends  upon  th©  quantity  of  substances  in  solu- 
tion, and,  chiefly,  upon  the  amount  of  protein  dissolved. 

(d)  Protein  Content  of  Punctates 

This  can  be  roughly  determined  by  Tsuchiya's  modiflcation  of  Esbach^s 
method  for  the  urine,  diluting  the  fluid  so  that  the  reading  in  the  Esbach 
tube  will  be  less  than  4,  that  is,  so  that  the  albumin  content  of  the  dilu- 
tion shall  be  less  than  0.4  per  cent.  We  acidify  the  dilution  slightly  with 
acetic  acid,  and  perform  the  test  in  the  ordinary  way  (see  Urine).  The 
reading  is  made  after  24  hours ;  if  we  multiply  this  by  the  dilution,  the 
result  is  the  number  of  grams  of  coagulable  protein  per  liter  of  pimctate. 

A  simple,  rougher  method  still  of  estimating  the  amount  consists  in 
observing  th©  precipitate  caused  by  a  few  drops  of  nitric  acid  added  to  the 
punctate  in  a  test  tube.  Thus,  in  inflammations,  in  tuberculosis,  or  in  carci- 
noma of  the  pleura,  the  precipitate  will  consist  of  thick  heavy  masses  of 
protein  that  quickly  fall  to  the  bottom  of  the  tube,  while  in  transudates 
due  to  myocardial  insufficiency,  the  precipitate,  still  large,  is  looser  and 
less  heavy,  and  in  purely  hydremic  transudates,  there  may  be  only  a 
niarked  opalescence,  or  small  swimming  flocculi  (Runeberg). 

For  more  exact  determinations  of  the  protein  content,  the  total  nitro- 
gen in  grams  per  cent  is  determined  by  Kjeldahl's  method ;  then  the  non- 
protein nitrogen  is  determined  in  grams  per  cent  and  subtracted  from  the 
total  If ;  by  multiplying  the  nitrogen  value  thus  obtained  by  6.25,  we  have 
the  content  in  coagulable  protein.  The  method  is  fully  described  by  R.  S. 
Morris,  who  has  made  careful  studies  of  the  incoagulable  nitrogen  in  punc- 
tates.  Morris  flnds  that  in  most  punctates,  the  non-protein  N  is  below  0.07 
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grains  per  cent.  Values  between  0.07  and  0.09  are  of  doubtful  signifi- 
cance, but  when  the  non-protein  N  exceeds  0.09  grams  per  cent,  the  proba- 
bility is  strong  that  the  fluid  is  neoplastic  in  origin  (cancer;  sarcoma). 

The  protein  content  can  also  be  determined  by  the  gravimetric  method: 

1.  Pour  10  c.c.  of  the  punctate  into  100  c.c.  of  boihng  1  per  cent  salt  solution 
(feebly  acidulated  with  acetic  acid),  and  filter  through  a  weighed  filter. 

2.  Wash  the  coagulated  protein  on  the  filter  with  feebly  acidulated  water,  and 
afterwards  with  alcohol  and  ether,  and  dry  to  constant  weight  at  100**  C. 

3.  Subtract  the  weight  of  the  filter  and  we  have  the  protein  content  in  10  cc. 
of  the  punctate;  multiplying  by  100,  we  have  the  protein  content  per  liter. 

In  general,  a  high  protein  content  (above  40-60  g,  per  liter)  speaks  for 
an  exudate  and  low  protein  content  (below  30  gr.  per  liter)  for  a  transu- 
date; in  stasis  transudates  the  protein  content  varies  between  10  and  30  g. 
per  liter ;  in  pure  hydremic  transudates  it  may  fall  as  low  as  1-3-6  g.  per 
liter. 

Bivalta's  Test  for  Distingoishii^^  Exudates  and  Transudates.— This  is  of  some 
importance,  since,  in  inflammatory  exudates,  the  reaction  is  constantly  positive, 
while  in  non-inflammatory  effusions  the  test  is  entirely,  or  almost  entirely,  negative. 

The  test  depends  upon  the  presence  in  inflanunatory  exudates  of  a  protein 
substance  which  is  precipitated  by  acetic  acid  in  the  cold.  In  a  glass  graduate,  or 
in  a  narrow  beaker,  one  places  200  c.c.  of  distilled  water  and  adds  2  drops  of 
glacial  acetic  acid;  to  this  feebly  acidulated  water  a  drop  of  the  punctate  is  allowed 
to  fall  from  a  glass  rod.  If  the  substance  on  which  the  test  depends  be  present,  a 
gray  cloud  resembUng  tobacco  smoke  appears  around  the  drop  as  it  faUs  to  the 
bottom.  If  only  a  minute  quantity  of  the  substance  be  present  (as  in  transudates), 
this  turbidity  appears  very  slowly,  and  is  much  feebler.  The  nature  of  the  sub- 
stance concerned  is  in  dispute  (euglobuhn  and  pseudo-globuUn,  globulin,  or 
mucinf ).  Other  methods  of  applying  the  test  have  been  used  by  Runeberg,  Umber, 
and  Staehelin. 

(e)    Freezing-Point  {Molecular  Concentration  of  Punctates) 

Cryoscopy  applied  to  punctates  is  of  but  little  clinical  value,  though  it 
may  sometimes  be  of  interest  to  the  scientific  investigator.  The  method 
employed  is  that  used  in  examining  urine  (q.  v.). 
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2.    Cerebrospinal 

(a)    Physical  and  Chemical  Properties  of  Normal  Cerebrospinal  Fluid 

The  normal  cerebrospinal  fluid  is  as  clear  as  water,  colorless,  feebly 
alkaline,  specific  gravity  1008-1013,  and  with  a  protein  content  varying 
between  0.02  and  0.05  per  cent.  The  sodium  chlorid  content  varies  nor- 
mally between  0.55  and  0.8  per  cent,  the  sugar  content  (determined  with 
Uaines's  solution)  between  0.06  and  0.09  per  cent.  The  sugar  disappears 
quickly  on  exposure  to  the  air;  it  is  supposed  to  be  glucose  (Kafka).  The 
normal  fluid  contains  a  minute  amount  of  cholin.  The  freezing-point  is 
about  the  same  as  that  of  blood  (—0.56  C). 

(6)    Physical  and  Chemical  Properties  of  the  Cerebrospinal  Fluid 

in  Pathological  States 

In  pathological  conditions,  the  fluid  may  undergo  important  chemical 
and  physical  changes,  though  these  are  far  less  significant  for  diagnosis  than 
the  changes  demonstrable  by  the  methods  of  cytodiagnosis  and  of  immu- 
nodiagnosis. 

L    The  Total  Protein  Content 

The  amount  of  albumin  is  increased  in  meningitis  both  in  the  acute,  and  in 
the  chronic,  forms.  The  total  protein  content  can  be  approximately  estimated 
by  Tsachiya's  modification  of  Esbach's  method,  or,  simply,  by  the  heat  and  nitrio 
acid  test,  more  accurately  by  Kjeldahl's  method  or  by  the  gravimetric  method. 

n.    The  Globulin  Content 

Much  more  important  for  diagnosis,  however,  than  the  mere  determina- 
tion of  the  total  protein  content  is  the  estimation  of  the  content  in  globulin 
by  methods  introduced  in  1903  in  the  French  clinics  (Widal,  Sicard  and 
Ravaut;  Guillain  and  Parant)  and  subsequently  improved  by  various 
workers.  At  first,  the  globulin  was  precipitated  by  magnesium  sulphate, 
but  later  ammonium  sulphate  was  found  to  be  a  more  delicate  precipitating 
agent.  Among  the  methods  now  employed  are  those  recommended  (1)  by 
Nonne  and  Apelt,  (2)  by  Noguchi,  (3)  by  Ross  and  Jones,  and  (4)  by 
Pandy. 

Honne  and  Apelt  Uodiftoation  of  the  French  Uethod. — ^Mix  equal  volumes  of 
cerebrospinal  fluid  and  of  a  neutral  solution  of  Merck's  ammonium  sulphate  (sat- 
urated with  heat,  filtered  and  cooled).    This  precipitates  the  globulin-nucleoalbumin 
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fraction  within  three  minutes,  and  the  precipitate  is  designated  by  Nonne  and 
Apelt  as  Phase  I,  while  the  coagulable  protein  present  other  than  globulin,  obtained 
by  boiling  the  filtrate  from  the  preceding,  is  known  as  Phase  II. 

Both  globulin  and  serum  albumin  are  present  in  normal  fluid  in  minute  amounts; 
in  pathological  states,  an  increase  in  globulin  goes  approximately  parallel  to  the 
total  protein  increase.  The  degree  of  increase,  however,  is  more  easily  estimated 
for  the  globulin  than  for  the  total  protein. 

Normally,  the  globulin  precipitate  (Phase  I)  is  seen  only  as  a  trace  of  opal- 
escence. In  such  cases,  Phase  I  is  designated  as  negative.  In  the  increased  globulin 
reaction  of  pathological  states  we  meet  with  several  grades  of  globulin  content, 
from  (1)  a  trace  of  opalescence  (normal),  through  (2)  feeble  opalescence,  (3) 
opalescence,  to  (4)  outspoken  turbidity  (Phase  I,  positive). 

Phase  I  is  never  positive  in  functional  diseases  of  the  central  nervous  systan. 
Even  in  lues.  Phase  I  is  negative  unless  the  nervous  system  is  involved.  The 
method  is  strongly  corroborative  of  the  cytodiagnostic  methods  and  of  the  Wasser- 
mann  test  in  lues  cerebrospinalis,  in  tabes,  and  in  dementia  paralytica. 

In  lues  cerebrospinalis,  Phase  I  is  positive  in  the  cerebrospinal  fluid  along  with 
lymphocytosis  of  this  fluid,  though  the  Wassermann  reaction  in  the  fluid  is  usually 
n^^tive,  while  the  Wassermann  reaction  of  the  blood  is  positive  (80  per  cent  of 
the  cases).  In  general  paresis,  all  four  reactions  are  positive.  An  additional  aid 
in  distinguishing  between  lues  cerebrospinalis  and  dementia  paralytica  lies  in  the 
colloidal  gold  test  (see  below). 

Noguchi's  Butyric  Acid  Test. — This  is  an  excellent  test  for  increased 
globulin,  as  those  who  have  used  it  will  testify. 

1.  Place  0.1  c.c.  of  cerebrospinal  fluid  in  a  test  tube;  add  0.5  c.c.  of  a  solu- 
tion of  chemically  pure  butyric  acid  (10  per  cent)  in  a  solution  of  pure  sodium 
chlorid  (0.9  per  cent) ;  boil  briefly  over  the  flame  of  Bunsen  burner. 

2.  Now  add  quickly  0.1  c.c.  of  N/1  sodium  hydroxid;  boil  again  for  a  few 
seconds. 

If  the  globulin-content  be  increased,  a  coarsely  granular,  sometimes 
flocculent,  precipitate  will  appear.  It  becomes  visible,  as  a  rule,  within  10 
or  20  minutes,  but  should  none  be  visible  at  the  time,  the  test  tube  is  set 
aside  for  3  hours,  after  which  it  is  again  looked  at. 

In  normal  cerebrospinal  fluid,  there  is  only  a  slight,  even,  opalescence ; 
coarser  precipitates  never  form,  even  if  the  fluid  be  allowed  to  stand  for 
several  hours  after  the  test  has  been  made.  Simon  Flexner  has  found  the 
reaction  very  helpful  in  his  experimental  studies  of  cerebrospinal  fluid. 

If  the  character  of  the  reaction  be  doubtful,  a  second  test  should  be 
made,  using  0.2  c.c.  of  fluid  instead  of  0.1  c.c. 

iRoss  and  Jones's  Modification  of  the  French  Method. — This  very  deli- 
cate method  is  a  favorite  one  with  the  assistants  in  the  clinic.  The  same 
solution  of  ammonium  sulphate  is  used  as  in  the  Nonne-Apelt  method  de- 
scribed above. 

1.  Place  2  c.c.  of  the  solution  of  neutral  ammonium  sulphate  in  a  test  tube. 

2.  Incline  the  tube,  and,  with  a  pipet,  allow  1  c.c.  of  c.s.  fluid  to  run  gently 
down  upon  the  surface  of  the  fluid  in  the  tube,  without  mixing  the  fluids. 

3.  At  the  end  of  3  minutes,  examine  the  line  of  contact  of  the  two  fluids  on 


PHYSICAL,   CHEMICAL   PUNCTATES  83 

indiieet  illmninatioii,  holding  the  tube  against  a  dark  background,  with  the  eye 
at  right  angles  to  the  source  of  light.  A  thin,  grayish-white  ring  constitutes  a 
positive  reaction. 

4.  At  the  end  of  half  an  hour,  observe  the  ring  again;  when  the  reaction  ia 
positive,  a  cobweb-like  appearance  is  visible  on  the  surface  of  the  ring. 

Pandj'a  Test. — ^Pandy's  test  has  not  received  the  attention  it  deserves. 
Kone  of  the  other  reactions  used  to  reveal  an  excess  of  globulin  is  so 
simple  in  execution,  or  so  quickly  decisive  in  its  results. 

L  The  reagent  consists  of  a  saturated  aqueous  solution  of  carbolic  acid;  ten 
parts  of  pure  crystals  are  added  to  100  parts  of  hot  distilled  water;  the  mixture 
is  kept  at  room  temperature  for  3-4  days,  during  which  time  it  should  be  fre- 
quently shaken.  At  the  end  of  this  time  the  clear  supernatant  fluid  is  drawn  off 
into  another  bottle. 

2.  To  approximately  1  c.c.  of  this  solution  is  added  one  drop  of  the  spinal 
fluid. 

3.  Normally  no  change  occurs,  or  at  the  most,  an  extremely  faint  opalescence; 
with  a  fluid  abnormal  in  its  protein  content,  there  develops  instantly  at  the  point 
of  contact,  a  bluish-white  cloud  often  resembling  a  ring  of  smoke,  which  gradu- 
ally settles  to  the  bottom  of  the  tube. 


iii.   ne  Content  in  Hydrophae  Colloids  that  will  Prevent  the   Precipitation  of 
Other  Instable  Colloids  (e.  i^  Gold  Sol)  by  Salt  Sohition 

Since  the  fundamental  researches  of  Wolfgang  Pauli  upon  the  stability 
of  colloids  when  exposed  to  thermal,  chemical,  and  electrical  influences, 
special  methods  have  begun  to  be  devised  for  demonstrating  slight  altera- 
tions in  the  stability  of  colloids.  Among  these  are  (1)  H.  Schade's  "trans- 
parency for  print''  test,  and  (2)  R.  Zsigmondy's  Gold  Number  method. 
The  latter  has  already  been  applied  clinically  by  Lange,  Sippy,  Sydney 
Miller,  and  others. 

The  Colloidal  Oold  Test,  ot  Gold  Number  Method ^(Zsigmondy;  Lange).— The 

principle  is  as  follows:  A  colloidal  solution  that  just  hinders  the  precipitation 
of  a  gold  sol  (10  cm.  prepared  in  a  definite  way)  by  1  c.c.  of  2N/1  solution  NaCl 
is  said  to  have  a  gold  number  =  1.  The  color  of  the  colloidal  solution  of  gold  in 
the  gold  sol  is  red;  as  the  gold  begins  to  be  precipitated,  the  color  changes  to  blue. 

The  gold  number  of  a  protein  is  the  number  of  milligrams  of  that 
protein  that  will  protect  5  c.c.  of  colloidal  gold  against  0.5  c.c.  of  10 
per  cent  NaCl. 

The  gold  number  is  very  different  fbr  the  different  hydrophile  colloids ;  thus  the 
nombier  of  milligrams  of  colloid  necessary  to  protect  vary  from  0.005-0.01  gelatin, 
to  0.01  casein,  0.06-0.3  egg  albumin,  10-20  dextrin,  10  sodium  stearate  (at  eO"*  C), 
0.001  sodium  stearate  (at  boiling  point),  and  0.4-1  sodium  oleate  (Zsigmondy). 
In  the  cerebrospinal  fluid,  we  deal  with  a  mixture  of  hydrophile  colloids. 

The  gold  sol  is  prepared  by  adding  to  1,000  c.c.  of  freshly,  and  doubly,  dis- 
tilled water,  10  c.c.  of  1  per  cent  solution  of  gold  chlorid  and  10  c.c.  of  2  per  cent 
EOH.  Boil  over  a  Bunsen  burner.  Extinguish  the  flame,  and  then  add  quickly 
(in  several  portions),  shaking  thoroughly  while  adding,  10  c.c.  of  a  1  per  cent 
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solution  of  formol  (obtained  by  miidng  1  cc.  of  commercial  concentrated  for- 
maldehyd  solution  with  100  cc.  distilled  water). 

The  gold  sol  should  present  a  purple-red  tone,  and  should  be  perfectly  clear 
and  transparent  and  remain  free  from  sediment  on  long  standing.  In  preparing 
the  solution,  and  in  carrying  out  the  test,  the  greatest  cleanliness  must  be  observed. 

Ten  small  test  tubes  are  placed  side  by  side  in  a  test  tube  rack.  In  the  first 
one  is  placed  1.8  cc.  of  a  0.4  per  cent  solution  of  NaCl,  and  the  amounts  in  each 
successive  test  tube  increased  successively  by  1  cc.  of  salt  solution.  To  the  first 
test  tube  is  added  0.2  cc  of  the  cerebrospinal  fluid  to  be  examined.  From  the  mix- 
ture in  the  first  tube  one  takes  1  cc  and  puts  it  into  the  second  tube,  and,  after 
mixing,  takes  1  cc  from  the  second  tube  and  places  it  in  the  third,  and  so  on  until 
one  gets  dilutions  as  high  as  1:5420.  After  these  dilutions  have  been  pre- 
pared, 5  cc  of  the  gold  sol  are  quickly  poured  into  each  tube  and  allowed  to 
stand  for  a  few  hours,  after  which  the  reaction  may  be  read  off.  A  test  tube  with 
pure  0.4  per  cent  NaCl  solution  and  5  cc  gold  sol  is  used  as  a  control;  in  this 
tube,  the  color  must  remain  unchanged;  otherwise  the  solution  dare  not  be  used. 

Precipitates,  and  change  of  color,  occur  in  various  dilutions,  according  as  the 
case  is  normal,  or  one  of  cerebrospinal  lues,  of  tabes,  of  dementia  paralytica,  of 
meningitis,  etc.    It  is  customary  to  record  the  results  in  the  form  of  curves. 

It  is  too  soon  as  yet  to  speak,  finally,  regarding  the  value  of  this  gold  sol  test, 
but  the  studies  of  B.  W.  Sippy  of  Chicago,  of  Grulle  and  Moody  in  congenital 
lues,  and  of  Sydney  Miller  of  Baltimore,  indicate  that  it  may  be  of  some  value  in 
the  differentiation,  especially  of  the  different  forms  of  luetic  and  para-luetic  in- 
fections of  the  central  nervous  system. 

[As  this  volume  goes  to  press,  a  new  article  has  appeared,  in  which 
Miller,  Brush,  Hammers  and  Felton  describe  (1)  important  modifica- 
tions of  the  method  of  preparation  of  the  colloidal  gold  reagent  and  (2) 
the  criteria  for  judging  the  reaction ;  those  who  desire  to  use  the  method 
should  consult  this  paper,  the  reference  to  which  is  given  below.] 
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C.    Bacteriological,  Serological,  and  Cyto- 
diagnostic  Methods  of  Examining 

Punctates 

L    Baderiodia^Dostic  Methods 

The  methods  described  for  making  smear  preparations,  cultures  on 
blood  agar,  and  animal  inoculations  in  the  section  on  Infectious  Diseases 
and  on  the  Blood  are  applicable  to  the  study  of  puncture  fluids. 

Tubercle  Bacilli. — In  fluids  from  the  serous  cavities  and  from  the  sub- 
arachnoid space,  it  is  often  desirable  to  search  especially  for  tubercle  ba- 
cilli. Formerly,  exudates  were  subjected  to  artificial  digestion  (inoscopy) 
for  this  purpose.  At  present,  we  rely  rather  upon  the  antiformin  method, 
in  which  the  thick  exudate  or  a  sediment  obtained  on  standing  or  on  cen- 
trifugalization  is  mixed  with  20-50  per  cent  antiformin,  later  centrifugal- 
ized  and  the  sediment  stained  for  tubercle  bacilli. 

In  tuberculous  meningitis,  the  cerebrospinal  fluid  collected  in  a  sterile 
test  tube  may  be  allowed  to  stand  for  from  12  to  24  hours  in  the  ice-box ;  at 
the  end  of  that  time,  the  delicate,  filmy  clot  that  forms  may  be  spread 
out  upon  a  glass  slide,  slowly  dried  in  the  air,  fixed  by  passing  through  the 
flame  three  times,  and  then  stained  by  the  carbol-fuchsin  method,  in  the 
ordinary  way,  for  tubercle  bacilli  (J.  Hemenway). 

In  chronic  cases  of  serous-membrane  tuberculosis,  or  of  tuberculous 
meningitis,  inoculation  of  gninea-pigs  with  5-10  c.c.  of  the  fluid  may  be 
employed  for  diagnostic  purposes ;  it  is  best  to  inject  the  aseptically  col- 
lected suspected  fluid  directly  into  the  peritoneal  cavity.  At  the  end  of 
three  weeks,  the  animal  may  be  killed,  and  the  lesions  may  be  examined 
histologically. 

Other  Parasites. — In  the  fluid  obtained  by  lumbar  puncture,  smears  of 
the  sediment  may  be  stained  (besides  for  tubercle  bacilli),  for  meningo- 
cocci, for  pneumococci,  for  influenza  bacilli,  etc.,  and  in  the  tropics,  where 
sleeping-sickness  is  suspected,  for  trypanosomes.  In  rare  instances,  it  may 
be  possible  to  find  the  Treponema  pallidum. 
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Fig.  1, — Tubercular  Meningitis— rarbolfuchsin  Methy- 
lene Blue.  (After  N,  v.  Jagic  u.  H.  K.  Barren- 
selien,  "Atla.s  u.  (Jrund.  d.  Klin.  d.  MIkroskople," 
published  by  M.  Perles,  WIen.) 
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Fig.  2. — Diplococcus  pneuraonine  in  Meningitis 
—Oram  Stain.  (After  F.  IMaut.  ().  Itclini 
u.  II.  SchottmUlIer,  "Leitfaden  zur  T'nter- 
surh.  d.  Cerebrospinalfltlsslgkeit,"  published 
by  G.  Fischer,  Jena.) 
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Fig.  3. — Meningococcus  or  Diplococ- 
cus meningitidis  (Welchselliaum) 
in  Cells  in  the  Cerebrospinal 
Fluid.  Stained  with  Methylene 
Blue.  (After  F.  Plant,  ().  Rehm 
u.  U.  SchottmHller.  "I^itfaden  zur 
Fntersuch.  d.  Cerebrosplnalfllis- 
sigkeit."  published  by  G.  Fischer. 
Jena.) 
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2.    Immunodia^DOstic  Methods 

The  most  important  of  these  for  practical  clinical  purposes  is  the 
Wassermann  reaction  as  applied  to  the  cerebrospinad  fluid.  When  the  re- 
action is  positive,  we  have  the  proof  not  only  that  the  patient  has  had  syphi- 
lis at  some  previous  time,  but  that  we  have  to  deal,  in  the  case  before  us, 
with  some  syphilogenous  disease  of  the  central  nervous  system  (cerebrospi- 
nal lues ;  dementia  paralytica ;  tabes).  In  dementia  paralytica,  the  reaction 
is  80  constantly  positive  that  a  negative  result  almost  rules  out  the  disease. 
It  is  positive  in  85-90  per  cent  of  the  cases  if  0.2  c.c.  of  fluid  is  used,  and  in 
100  percent  if  1.0  cc.  is  used.  In  tabes  the  reaction  is,  in  90-95  per  cent 
of  the  cases  negative  with  0.2  cc.  of  fluid,  but  positive  in  nearly  100  per 
cfent  of  the  cases  if  1.0  cc.  is  used.  In  cerebrospinal  lites,  the  reaction  is  also 
nearly  always  positive  with  1.0  cc,  but  negative  in  90  per  cent  of  the  cases 
with  only  0.2  cc  of  fluid.  The  reaction  is  usually  positive  in  the  blood 
serum  in  cerebrospinal  lues  and  in  dementia  paralytica,  but  often  negative 
in  tabes. 

The  Wassermann  reaction  as  applied  to  the  fluid,  when  either  positive 
or  n^ative,  should  be  accompanied  by  the  results  (1)  of  a  Wassermann 
test  applied  to  the  blood  serum ;  (2)  of  a  test  for  globulin  in  the  cerebro- 
spinal fluid,  and  (3)  of  a  cell  count  of  the  cerebrospinal  fluid,  in  order  that 
the  best  judgment  possible  can  be  formed  regarding  the  underlying 
condition. 

The  technic  of  the  Wassermann  reaction  is  fully  described  in  Part  IV. 
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3.    Cytodia^Dostic  Methods 

(a)    Cytodiagnosis  of  Pleural,  Pericardial,  and  Peritoneal  Fluids 

From  the  cytodiagnostic  standpoint,  four  main  types  of  these  fluids  are 
distinguishahle :  (i)  exudates  in  acute  infections  of  the  serous  membranes, 
(ii)  exudates  in  tuberculous  serositis,  (iii)  transudates,  and  (iv)  effu- 
sions associated  with  neoplasms. 

It  is  well  to  examine  (1)  a  fresh  unstained  droplet  of  the  sediment,  and 
(2)  dried  and  stained  smears  of  the  sediment.  If  the  fluid  be  purulent, 
smears  may  be  made  directly  from  it ;  if  it  be  clear,  or  turbid,  it  should  be 
centrifugalized  immediately  after  it  is  obtained,  before  clotting  has  taken 
place,  or,  if  this  be  inconvenient,  after  treatment  with  an  equal  volume  of 
solution  of  sodium  fluorid  (1  per  cent),  or  a  solution  of  sodium  citrate 
(1.5  per  cent)  in  physiological  salt  solution,  when  it  may  be  kept  without 
clotting  and  be  sedimented,  or  centrifugalized,  any  time  within  the  next  12 
to  24  hours.  Smears  of  the  sediment  are  spread  upon  glass  slides,  air- 
dried,  fixed  and  stained  like  blood-smears  (see  Examination  of  the  Blood). 
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Unless  the  spinal  fluid  is  purulent  it  is  well  to  use  some  albumen-fixative 
on  the  slide  before  applying  the  stain.  Otherwise  it  is  common  to  wash 
the  entire  smear  off.  As  a  stain,  we  may  use  Jenner's,  Wilson's,  Giemsa's, 
or  hematoxylin  and  eosin. 

L    Gytodiaiiiiosis  of  Exudates  in  Acute  Inlectioiis 

In  the  different  forms  of  acute  infectious  serositis  (pleuritis,  pericar- 
ditis, peritonitis),  aside  from  the  demonstration  in  the  stained  smears,  of 
the  pyogenic  microorganisms  (streptococcus,  staphylococcus,  pneumococ- 
cus,  etc.)  concerned,  one  can  often  be  fairly  sure  of  the  nature  of  the 
process  by  the-  large  number  of  polymorphonuclear  neutrophiles  present. 
Occasionally,  however,  a  primary  tuberculous  pleuritis  may  be  ushered  in 
by  a  temporary  polynucleosis ;  but  the  degenerative  changes  that  occur  in 
ihe  polymorphonuclear  leukocytes  representing  the  main  contingent  of  cells 
in  the  exudate  often  sufiice  to  differentiate  the  two  groups  of  pleuritides'. 
Thus  the  degenerative  change  in  the  pyogenic  infections  consists  in  a  swell- 
ing and  clearing  up  of  the  cell  and  of  its  nucleus,  while  in  acute  tubercu- 
lous pleuritis  with  poljniucleosis,  the  cells  are  shrunken,  and  the  nuclei 
pyknotic  and  fragmented  (Koeniger). 

In  a  few  cases,  large  numbers  of  eosinophils  have  been  met  with  in 
pleural  exudates.  Ordinarily,  the  eosinophils  do  not  make  up  more  than 
1-4  per  cent  of  the  count,  but  in  so-called  "pleural  eosinophilia,''  as  many 
as  10-70  per  cent  of  the  cells  may  be  eosinophils.  The  etiology  appears  to 
be  variable. 

When  the  cytological  formula  is  lymphocytic,  and  not  polymorphonu- 
clear, it  speaks  strongly  against  an  infection  due  to  pyogenic  micro- 
organisms. 

iL    Gytodiatfnosis  in  Ezndates  Due  to  Tuberoiloiis  Inlectioiis 

In  tuberculous  serositis,  whether  involving  the  pleura,  the  pericardium,  or 
the  peritoneum,  there  is  often  an  outspoken  lymphocytosis  demonstrable  in 
the  fluid  ('lymphocytic  formula").  This  may  or  may  not  be  accompanied  by 
the  presence  of  red  blood  corpuscles.  When  the  latter  are  present,  also,  the 
finding  speaks  strongly  for  a  tuberculous  etiology.  In  the  beginning  of  an 
acute  tuberculous  pleuritis,  a  temporary  polymorphonuclear  leukocytosis 
inay  be  demonstrable  in  the  fluid.  Even  in  outspoken  lymphocytosis 
there  may  also  be  many  polynuclears  present,  though  the  number  is  exceeded 
by  that  of  the  lymphocytes.  But  "tuberculous  i)olynucleosi8''  can  usually 
be  distinguished  from  the  polymorphonuclear  formula  in  pyogenic  infec- 
tions by  the  behavior  of  the  cells  and  their  nuclei  (see  above). 

In  the  more  chronic  forms  of  pleuritis,  a  lymphocytosis  may  be  met 
with,  not  only  in  tuberculosis,  but  also  in  sarcoma  of  the  pleura,  and  in 
luetic  pleuritis.    In  the  sarcomatous  cases,  however,  many  endothelial  cells 
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accompany  the  lymphocytes ;  in  luetic  pleuritis,  the  Wassermann  reaction  is 
positive. 

In  instances  in  which  polymorphonuclear  cells  predominate,  the  pres- 
ence of  a  large  number  of  lymphocytes  (1/3  of  the  total  count  or  more) 
and  of  red  blood  corpuscles  should  make  one  suspect  a  tuberculous  etiology, 
especially  if  endothelial  cells  be  absent,  or  present  in  only  small  numbers. 

The  study  of  the  cells  in  exudates  from  tuberculous  peritonitis  yields 
findings  resembling  those  in  tuberculous  pleuritis.  There  is  always  an  out- 
spoken leukocytosis,  but  the  exudate  differs  from  a  pleural  exudate  in  that 
there  are,  in  addition,  many  large  mononuclear  cells  and  often  many  poly- 
morphonuclears present.  Endothelial  cells  may  also  be  present  in  larger 
numbers  than  in  the  tuberculous  pleural  exudates.  These  endothelial  cells 
are  large  cells  with  round  or  oval  nucleus  and  a  relatively  large  amoimt  of 
protoplasm.    The  nuclei  stain  relatively  feebly. 

iiL    Gytodiaitiiosis  of  Transudates 

In  simple  hydrothorax,  hydropericardium,  and  ascites,  one  finds,  on  cytodiag- 
nosis,  a  very  small  niunber  of  cells,  with  preponderance  of  cells  of  the  endothelial 
type,  often  imited  in  chains  or  strips — ^the  so-called  ''placards."  Such  endothelial 
cells  may  make  up  from  60-80  per  cent  of  the  total  cell  count.  The  remaining 
cells  are  chiefly  lymphocytes,  though,  here  and  there,  a  polymorphonuclear  element 
may  be  met  with.  Any  circumstance  that  leads  to  a  complicating  inflammation 
of  the  serous  membrane  concerned  will  change  the  cell  picture  (appearance  of 
polymorphonuclear  elements). 

iv.    Cytodiaifiiosb  of  Effusioiis  Associated  with  Neoplasms 

These  effusions  are  often  rich  in  endothelial  cells ;  occasionally,  typical 
groups  of  tumor  cells  may  be  found  in  the  fluid.  If  a  minute  fragment  of 
tissue  should  be  obtained,  it  is  important  to  fix  it,  embed  it,  and  section  it, 
and  then  be  guided  by  the  histological  picture  found  in  the  sections.  Great 
care,  however,  must  be  exercised  in  asserting  that  a  given  cell  is  a  tumor 
cell.  Of  course,  if  the  cells  are  arranged  in  groups  such  as  occur  in  known 
tumors,  the  diagnosis  may  not  be  difficult,  but  when  one  has  to  judge  from 
single  cells  it  is  easy  to  err,  though  the  so-called  seal-ring  cells  with  colloidal 
content  and  eccentric  nuclei  are  characteristic,  and,  as  Dock  has  empha- 
sized, the  presence  of  many  cells  containing  nuclei  undergoing  karyokinetic 
division  or  mitosis,  is  very  suspicious. 

It  should  constantly  be  kept  in  mind  also  that  a  hemorrhagic  effusion  is 
in  the  majority  of  cases  either  of  tuberculous  or  of  neoplastic  origin. 
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(ft)    Cytodiagnosis  of  the  Cerebrospinal  Fluid 

Here,  the  exact  number  of  cells  present  as  ascertained  by  a  given 
method  of  technic  is  important  in  differential  diagnosis.  Two  principal 
methods  are  employed : 

(i)  Counting  and  differential  counting  in  stained  smears,  and  (ii)  the 
hemocytometer  method  of  enumeration. 


L    Comitiiiii  and  Differential  Coimtiiitf  in  Stained  Smean 

To  estimate  the  number  of  cells  in  cerebrospinal  fluid  by  this  method, 
we  centrif ugalize  2—3  cc  of  the  fluid  for  45  minutes  in  a  conical  test  tube, 
pour  off  the  supernatant  fluid,  take  up  the  sediment  in  a  capillary  pipet, 
mixing  the  cells  well  by  blowing  them  gently  back  from  the  pipet  into  the 
tube,  repeating  this  several  times.  A  small  droplet  of  the  well-mixed  sedi- 
m«it  is  then  placed  on  a  glass  slide,  spread  out  cautiously,  dried  in  the  air, 
filed  and  stained.  The  earlier  workers  used  a  methylene  blue  stain«  It  is 
now  customary  to  stain  with  Jenner's  stain,  or  with  one  of  the  methylene- 
azure-and-eosin  stains   (Wilson's;  Hastings's;  Giemsa's). 

Using  a  magnification  of  300  diameters,  and  counting  six  fields  of  the 
microscope,  the  average  number  of  cells  in  each  field  is  then  calculated. 

The  normal  fluid  should,  according  tcNissl,  contain  not  more  than  from  4-8 
ceUs  in  each  microscopic  field.  If  the  number  be  6-20  cells  per  field,  Nissl  speaks 
of  feebly  positive  lymphocytosis;  if  the  number  be  20-60  cells  per  field,  of  positive 
Iymphoc3rto6is;  if  it  exceed  60  per  field,  he  speaks  of  strongly  positive  l3rmpho- 
cytosis;  as  many  as  900-1,200  cells  per  field  have  been  met  with  in  some  instances. 

Obviously,  for  the  enumeration  of  the  cells  in  the  fluid,  such  a  method 
cannot  be  reliable.  It  is,  however,  of  great  value  for  the  making  of  a  dif- 
ferential count  of  the  cells  present,  and  the  determination  of  the  relative 
numbers  (percentages)  of  the  different  varieties  of  cells  (lymphocytes, 
polymorphonuclears,  etc.)  in  the  fluid.  For  making  a  differential  coimt,  it 
is  desirable  to  count  a  large  number  of  cells,  100-300  if  possible. 

■•  Henoc^iooieter  Methods  of  Enunieration  of  the  Gelb  m  the  Gerel^^ 

This  is  preferable  to  NissPs  method,  and  is  the  one  used  in  the  clinic  in 
which  I  work.    If  it  be  associated  with  the  study  of  a  stained  smear  for  the 
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differential  count  of  the  cells,  it  will  be  found  very  satisfactory.  The  exact 
number  of  cells  per  cubic  millimeter  of  c.  s.  fluid  is  determined,  very  much 
as  one  counts  the  leukocytes  in  a  counting-chamber.  Either  a  Biirker 
modification  of  the  Thoma-Zeiss  cell  counter  with  a  Neubauer  ruling  (see 
Part  VII)  may  be  used,  or,  best,  the  Fuchs-Kosenthal  counting-chamber. 

Emerson's  Method. — Into  a  "leukocyte  pipef'  of  a  hemocytometer, 
draw  Unna's  polychrome  methylene  blue  as  far  as  the  mark  0.5;  then  draw 
in  the  fresh  cerebrospinal  fluid  to  the  mark  11,  or,  if  it  be  very  rich  in 
cells,  to  the  mark  21.  Mix  well.  Proceed  as  in  counting  the  white  blood 
corpuscles. 

Bous's  Method. — Into  the  "red  corpuscle  pipet"  of  a  hemocytometer, 
draw  a  saturated  aqueous  solution  of  methyl  violet  (5  B),  as  far  as  0.4  on 
the  capillary  tube;  then  draw  in  fresh  cerebrospinal  fluid,  shaking  thor- 
oughly first  to  make  sure  that  the  cells  will  be  evenly  distributed  throughout 
the  fluid.  Now  mix  the  stain  and  the  fluid,  by  holding  the  pipet  horizon- 
tally, both  ends  closed,  and  shaking  for  three  minutes.  The  counting- 
chamber  of  the  hemocytometer  is  then  filled,  and  the  cells  counted,  just  as 
in  counting  blood.  The  beginner  should  be  careful  not  to  count  red  blood 
corpuscles,  should  any  be  present,  as  lymphocytes. 

Fuchs-Bosenthal  Method. — The  counting-chamber  by  this  name  is 
specially  designed  for  the  enumeration  of  cells  in  the  spinal  fluid;  it  is 
deeper  and  offers  a  larger  ruled  surface  (4  X  4  X  0.2  mm.).  Using  a 
"white  cell  pipet"  one  draws  in  a  staining  fluid  to  the  mark  1,  and  spinal 
fluid  to  the  mark  11.  All  the  cells  in  the  entire  ruled  area  are  counted. 
The  total  number  divided  by  3  gives  the  number  of  cells  per  c.mm.  An 
excellent  staining-fluid  has  the  following  composition:  methyl-violet  0.1, 
glacial  acetic  acid  2.0,  water  to  50.0.  This  fluid  stains  the  nuclei  and  makes 
a  differential  count  possible  at  the  same  time  the  enumeration  is  made. 

If  any  hemorrhage  has  occurred  in  making  the  lumbar  puncture  and  blood 
becomes  mixed  with  the  cerebrospinal  fluid,  it  is  best  not  to  attempt  a  count  of  the 
cells.  In  such  cases,  it  has  been  suggested  that  all  the  white  cells  (those  of  the 
fluid  +  those  of  the  blood  mixed  with  the  fluid)  be  counted  first;  that  then 
the  red  cells  in  the  mixture  be  counted ;  that  finally  a  red  count  and  a  white  count 
of  the  patient's  blood  be  made  so  as  to  determine  the  relative  number  of  white  and 
red  cells  in  his  blood;  after  this,  a  correction  for  the  blood  admixture  with  the 
fluid  is  made.  But  the  sources  of  error  are  so  great  that  I  advise  strongly  against 
the  use  of  this  method.  It  is  better  to  do  lumbar  puncture  again  later  on  and  to 
examine  a  specimen  free  from  blood. 

In  normal  cerebrospinal  fluid,  the  numl)er  of  cells  per  cubic  millimeter 
is  usually  less  than  6 ;  if  more  than  10  cells  per  cubic  millimeter  be  found, 
the  condition  is  to  be  regarded  as  pathological. 

In  addition  to  counting  the  cells,  it  is  always  well  to  make  a  smear 
from  the  sediment,  and  to  dry,  fix  and  stain  this  smear  in  order  that  the 
exact  morphology  of  the  cells  (S.  M. ;  P.  M.  N. ;  P.  M.  E. ;  P.  M.  B. ;  endo- 
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thelial  cells;  R.  B.  C.)  may  be  studied  and  a  differential  count  made  (see 
above). 

In  the  various  forms  of  meningitis,  the  cell  content  of  the  cerebrospinal 
fluid  is  usually  markedly  increased.  In  epidemic  cerebrospinal  meningitis, 
polymorphonuclear  cells  predominate,  though  lymphocytes  and  large  endo- 
thelial cells  (some  of  them  phagocytic)  are  also  present.  As  the  disease 
dies  down,  the  polymorphonuclears  decrease  and  the  lymphocytes  increase 
in  number.  A  considerable  lymphocytosis  may  persist  for  a  long  time  after 
recovery. 

In  purulent  menimjiiis  not  due  to  the  meningococcus,  but  caused  by 
pneumococci,  streptococci,  etc.,  the  polymorphonuclears  dominate  the  cell- 
count  in  the  acute  stage,  though  in  convalescence  lymphocytes  appear. 

In  tuberculous  meningitis,  the  lymphocytes  are  usually  more  numer- 
ous than  the  polymorphonuclear  elements,  though  in  some  acute  forms  the 
polymorphonuclears  may  markedly  predominate.  With  sufficient  care,  in 
such  exudates,  tubercle  bacilli  can  usually  be  demonstrated. 

In  the  paraluetic  or  metasyphilitic  diseases  of  the  central  nervous  sys- 
tem, there  is  an  outspoken  lymphocytosis  of  the  cerebrospinal  fluid.  A 
careful  study  of  smears  shows,  however,  that,  along  with  the  lymphocytes, 
one  may  see  large  mononuclear  elements,  some  polymorphonuclear  cells, 
eosinophils,  and  endothelial  cells ;  in  other  words,  in  such  cases  an  actual 
pleocytosis  exists.  Such  pleocytosis  is  found  in  every  cases  of  dementia 
paralytica,  though  the  cell-count  may  be  low  during  remissions  in  the  dis- 
ease. In  the  majority  of  cases  of  tdbes^  also,  a  pleocytosis  is  demonstrable. 
In  cerebrospinal  lues  (aside  from  tabes  and  dementia  paralytica),  the 
pleocytosis  may  be  marked  in  meningoencephalitic  or  meningomyelitic 
processes ;  but  the  number  of  cells  may  bo  small  in  systemic  degenerations 
of  the  white  matter  due  to  lues,  in  endarteritis,  and  in  cases  in  which 
only  isolated  gummata  occur  (Lommel). 

It  should  be  remembered  that  a  pleocytosis  in  itself  does  not  permit  us 
to  separate  luetic  from  metaluetic  diseases  of  the  central  nervous  system ; 
moreover,  a  certain  degree  of  pleocytosis  may  be  met  with  in  other  chronic 
diseases  of  the  central  nervous  system  (tumor;  hydrocephalus;  multiple 
sclerosis).  In  secondary  lues  with  skin  lesions  the  cerebrospinal  fluid  may 
show  an  outspoken  lymphocytosis,  often  in  the  absence  of  any  other  signs 
pointing  to  involvement  of  the  central  nervous  system. 
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Part  IV 

Diagnosis  of  the  Infectious  Diseases 

and  of  the  Diseases  Due  to 

External  Physical  Causes 

Section  I 
GENERAL  DIAGNOSIS   OF  INFECTIOUS  DISEASES 

A.   General  Facts  Regarding  Infection,  In- 
fectious Processes  and  tlie  Metliods 

of  Studying  Tliem 

L    Definition  of  Infection 

By  this  term  is  meant  the  invasion  of  the  body  by  living  microorganisms, 
which  find  there  conditions  permitting  of  their  multiplying  and  causing 
injury  to  the  body,  thus  giving  rise  to  disease-phenomena.  Similar  disease- 
phenomena  sometimes  follow  intoxications  in  which  no  living  parasites 
enter  the  body,  e.  g.,  after  the  ingestion  of  spoiled  food  (botulismus)  ;  here 
the  microorganisms  have  produced  outside  the  body  the  poisons  that, 
when  swallowed,  give  rise  to  symptoms.  Many  of  the  symptoms  of  diph- 
theria and  of  tetanus  can  be  produced  experimentally  in  susceptible  animals 
by  injection  of  their  sterile  toxins,  but  such  toxins,  unlike  the  microor- 
ganisms that  generate  them,  are  incapable  of  multiplication,  and  do  not 
give  rise  in  the  animal  to  a  communicable  disease. 

The  infectious  diseases  (morhi  contagiosi)  were  formerly  subdivided  into  three 
groups: 

(a)  The  contagious  diseases  proper,  which  are  communicated  from  one  person 
to  another,  either  directly,  or  indirectly  by  objects  (fomites)  contaminated 
by  a  so-called  ''contaginm" ; 
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(b)  The  miasmatic  diseases,  in  which  the  infectious  agent  {'^miasma")  eatea 
the  body  from  the  outside,  arising  either  independently  of  any  sick  person, 
or,  if  originating  in  another  patient,  undergoing  some  ripening  process  in 
the  outside  world; 

(c)  The  miasmatiC'Contagiofis  diseases,  in  which  the  infectious  agent  is  sup- 
posed to  go  through  two  developmental  stages  before  being  capable  of 
causing  disease,  one  stage  in  a  sick  person,  the  other  outside. 

The  artificiality  of  this  classification  has  become  obvious  since  the  causes  of 
the  infectious  diseases  and  the  modes  of  their  transmission  have  been  worked  out 
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2.    Infectious  A^nts  and  Their  Speciiicity 

The  agents  that  enter  the  body  from  the  outside  and  are  the  "exciting 
causes"  of  the  infectious  diseases  are  minute  living  parasites  (animal  or 
v^table),  distinguishable  from  the  non-pathogenic  saprophytes  by  their 
ability  to  grow  in  higher  living  organisms  and  to  injure  such  organisms. 

The  vegetablcT parasites  belong  chiefly  to  the  (a)  bacteria  or  fission- 
fungi  {8chizomycete%)y  including  the  cocci,  bacilli,  and  spirilla,  though  a 
few  belong  to  (b)  the  TrichomyceteSj  including  the  leptothrix,  cladothrix, 
and  streptothrix  forms  and  to  (c)  the  Blastomycetes  (or  yeast  fungi)  and 
the  Uyphomycetes. 

The  animal  parasites  causing  infections  belong  to  the  protozoa,  in- 
cluding (1)  the  Ehizopoda  (e.  g.,  amebae),  (2)  the  Flagellata  (e.  g., 
trypanosomes),  (3)  the  Sporozoa  (e.  g.,  coccidia)  and  (4)  the  Infusoria 
(ag.,  balantidium). 

The  larger  animal  parasites  like  the  parasitic  worms  {Vermes)  and 
insects  (Arthropoda)  are  not  usually  regarded  as  the  cause  of  "infections" 
(due  to  microorganisms)  but  rather  as  the  cause  of  "parasitic  invasions." 

Certain  diseases  (poliomyelitis,  yellow  fever,  hydrophobia,  etc)  are 
due  to  flltrable  viruses,  that  is^  to  viruses  that  are  so  minute  that  they 
will  pass  through  filters  thought  to  be  impermeable  to  ordinary  bacteria ; 
they  are  on  the  border  line  between  the  visible  and  the  invisible,  i.  e.,  they 
are  "ultramicroscopic." 

Each  infectious  disease  has  a  specific  cause,  that  is  to  say,  each  infec- 
tious agent  is  capable  of  giving  rise  to  a  given  disease;  this  disease  can  be 
caused  by  it  alone,  and  the  agent  is  incapable  of  transformation  into  one 
of  another  kind.^  For  example,  the  sore  throat  due  to  the  diphtheria 
bacillus  is  a  different  disease  from  the  sore  throat  due  to  the  true  strepto- 
coccus infection,  though  in  many  respects  they  may  resemble  one  another 
clinically;  again,  a  pneumonia  due  to  the  pneumococcus  differs  from  a 
pneumonia  due  to  Friedlander's  bacillus. 

Koch's  Laws. — To  establish  beyond  question  the  causal  relationship  of  a  given 
microorganism  to  a  g^ven  disease,  Koch  required  (1)  that  the  suspected  germ  be 
present  in  all  cases  of  the  disease,  (2)  that  its  presence  in  the  diseased  tissues  of 
the  body  be  limited  to  this  disease,  (3)  that  it  be  g^wn  in  pure  culture,  and  (4) 
that  the  disease  be  typically  reproduced  through  inoculation  of  a  healthy  individual 
with  the  pure  culture. 

These  requirements  have  been  met  for  a  few  of  the  infectious  diseases,  notably 
for  tetanus,  diphtheria,  pneumonia,  and  tuberculosis;  but,  for  many  of  the  in- 
fectious diseases,  the  first  requirement  only  has  been  complied  with.  The  causal 
agents  in  a  large  number  of  diseases^  undoubtedly  infectious  in  nature,  are  as  yet 

^  Recent  studies  by  E.  C.  Rosenow  and  by  others  hint  that  this  specificity  may  not 
be  80  complete  as  we  have  been  accustomed  to  believe.  Tbus  Rosenow  believes  he 
can  transform  streptococci  into  pneumococci. 
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utterly  unknoini;  this  is  especially  true  of  the  exanthemata  (smallpox,  scarlet 
fever,  etc.). 

For  a  time,  medical  men,  delighted  with  their  power  to  isolate  the 
causes  of  some  of  the  infectious  diseases,  were  content  to  direct  their  ener- 
gies largely  toward  such  isolation  as  a  means  of  diagnosis.  More  recently, 
since  the  essence  of  the  infectious  process  has  come  to  be  recognized  as  a 
specific  reciprocal  influence — a  kind  of  warfare — ^between  the  infectious 
agents  on  the  one  hand  and  the  cells  of  the  persons  attacked  on  the 
other,  interest  has  centered  rather  in  the  mechanisms  of^LggresAon  and  the 
mechanisms  of  defense  of  both  parasites  and  hosts  (vide  infra).  For  the 
study  of  these  mechanisms,  the  clinics  and  the  experimental  laboratories 
have  employed  the  most  diverse  biological,  chemical,  and  physical  methods ; 
these  have  led  to^the  development  of  the  elaborate  technic  which  now  char- 
acterizes the  sciences  of  bacteriology,  parasitology,  and  inmaunology. 
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3.    Mechanisms  of  Agression  of  the  Infectious  A^nts 

(a)    Sources  of  the  Infectious  Agents 

The  most  important  source  is  undoubtedly  the  sick  man  or  animal, 
whence  the  germs  may  pass  directly  or  indirectly  to  other  men  or  animals 
and  start  new  infections.  It  is,  therefore,  of  the  greatest  importance  to 
know  (i)  how  the  germs  leave  the  bodies  of  the  sick,  (ii)  how  they  main- 
tain their  existence,  if  at  all,  outside,  and  (iii)  how  they  gain  entrance 
into  the  bodies  of  other  men  or  animals. 

L    How  the  Germs  of  Disease  Leave  the  Bodies  of  the  Sick 

This  varies  for  the  different  diseases  and  their  respective  infectious 
agents.    The  germs  may  leave : 

1.  Through  the  feces  (typhoid,  cholera,  dysentery). 

2.  Through  the  urine  (typhoid,  Malta  fever,  bubonic  plague, tuber- 

culosis, etc.). 

3.  Through  the  saliva  (hydrophobia). 

4.  Through  the  milk  (tuberculosis,  anthrax). 

5.  Through  the  sptUum  (tuberculosis,  pneumonia,  diphtheria, strep- 

tococcus infections,  influenza,  plague,  etc.),  especially 
through  the  spray  during  speaking,  coughing,  and  sneezing  in 
the  so-called  "dropletrinfection"  (Fliigge). 
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6.  Through  pus  and  through  the  secretions  of  the  diseased  skin  and 

mucous  membranes  (gonorrhea,  lues,  tuberculosis,  meningitis, 
poliomyelitis,  exanthemata),  and,  perhaps,  by  scales  of  the 
skin  itself  (scarlet  fever  ?). 

7.  Through  the  blood,  by  means  of  insect  bites,  or  by  transfusion 

(malaria,  yellow  fever,  sleeping  sickness,  relapsing  fever, 
typhus). 

a.  How  the  Germs  of  Disease  Maintun  their  Ezisteiioe  Outside  the  Bodies 

of  the  Sick 

Certain  germs  (e.  g.,  malarial  parasites)  seem  to  be  incapable  of  living 
outside  the  body  of  some  animal,  except  under  very  special  (artificial)  conr 
ditions.  Others  are  capable  of  existing  for  a  shorter  or  longer  time  in  the 
outside  world  under  natural  conditions,  provided  they  find  sufficient  nour- 
ishment and  conditions  not  too  inimical  to  them  (drying;  sunlight). 

Some  germs  are  not  readily  killed  by  drying,  and  so  may  be  spread 
through  dust  (e.  g.,  tubercle  bacillus,  pyogenic  cocci,  tetanus  bacilli,  an- 
thrax spores,  etc.)  ;  others  are  not  viable  in  air-dried  dust  (gonococcus,  in- 
fluenza bacillus,  cholera  vibrio,  plague  bacillus). 

Some  germs  can  live  in  water  under  natural  conditions  for  some  time, 
even  for  weeks  or  months.  Much  typhoid  fever,  cholera,  amebic  dysentery 
and  bacillary  dysentery  is  due  to  water-borne  infection.  Polluted  waters 
may  contaminate  oysters  or  shell  fish  with  typhoid  bacilli  or  with  cholera 
vibrios.  Freezing  does  not  kill  the  cholera  vibrio,  so  that  ice  may  be  a 
source  of  infection. 

In  soil,  though  the  deeper  layers  are  sterile,  certain  germs,  notably 
those  of  typhoid  and  cholera,  may  be  viable  for  some  time.  Anthrax  bacilli 
assume  the  spore  form  and  live  for  some  time  in  soil.  In  manured  soils, 
such  as  garden  earth,  tetanus  bacilli  and  gas  bacilli  may  remain  viable  for 
a  long  period. 

Various  foodstuffs  may  harbor  pathogenic  germs,  either  through  their 
direct  derivation  from  diseased  animals  (tuberculosis,  anthrax,  Malta 
fever),  or  through  contamination  on  the  way  to  the  consumer  (milk,  meat, 
fish,  oysters). 

Certain  healthy  human  beings  and  healthy  animals  may  harbor  patho- 
genic germs  and  not  be  ill  themselves.  These  are  the  so-called  healthy 
carriers,  who  play,  perhaps,  an  important  part  in  the  spread  of  typhoid 
fe?er,  cholera,  diphtheria,  influenza,  meningitis,  poliomyelitis,  and  plague. 
Again,  certain  pathogenic  bacteria  are  capable  of  living  in  the  skin 
(staphylococci),  mouth,  and  throat  (pneumococci ;  streptococci), or  digestive 
tract  (B.  coli;  streptococci)  of  most  healthy  human  beings;  under  certain 
special  conditions  these  germs  may  infect  the  carrier  himself.  Certain 
animals  act  as  mechanical  carriers  of  germs ;  thus  flies  may  carry  typhoid 
Willi  to  food  or  directly  to  the  lips  of  human  beings. 
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Among  the  most  interesting  modes  of  life  of  germs  outside  the  bodies  of 
the  sick  is  life  in  an  intermediate  host  in  which  a  developmental  cycle 
necessary  for  the  acquisition  of  the  power  to  infect  is  gone  through  (para- 
site of  Texas  fever  in  the  tick;  malarial  parasites  in  the  anopheles  mos- 
quito; virus  of  yellow  fever  in  the  stegomyia  mosquito). 

ilk     How  the  Germs  of  Disease  Gain  Entrance  to  the  Body  (Portals  of  Entry) 

In  the  infectious  diseases,  the  germs  enter  the  body  through  one  or 
another  opening — ^the  so-called  "portals  of  entry."  As  long  as  the  epi- 
thelium of  the  skin  and  of  the  mucous  membranes  is  absolutely  intact, 
infection  does  not  occur  through  them,  but  should  the  epithelium  be 
physically  or  chemically  injured  (wounds,  heat,  poison),  germs  may  pene- 
trate, and,  multiplying  within  the  tissues,  start  an  infectious  process. 

Among  the  portals  of  entry  may  be  mentioned  the  skin  with  its  gland 
ducts  and  hair  follicles,  the  conjunctiva,  the  nose,  nasopharynx,  and  para- 
nasal sinuses,  the  mouth  (especially  the  gums),  the  tonsils,  the  bronchi 
and  pulmonary  alveoli,  the  mucous  membrane  of  the  esophagus,  stomach, 
and,  especially,  of  the  intestine  (including  the  bile  ducts,  pancreatic  ducts, 
and  vermiform  appendix),  the  anus,  especially  when  hemorrhoids  or 
fissures  exist,  and  the  urogenital  tract  (including  the  urethra,  bladder, 
ureters,  and  renal  pelves  in  both  sexes,  and  the  mucous  membranes  of  the 
special  organs  of  sex  in  the  male  and  in  the  female). 

By  germinal  infection  is  meant  the  transmission  of  infection  to  the 
child  by  means  of  the  egg  cell  or  the  sperm  cell  of  a  parent.  Syphilis  may 
be  thus  transmitted,  but  placental  infection  from  the  mother  is  probably 
more  frequent  than  direct  germinal  transmission.  Intra-uterine  (placental) 
infection  may  occur  in  a  number  of  diseases  (e.  g.,  syphilis,  typhoid  fever, 
tuberculosis,  smallpox,  etc.). 

Certain  germs  can  enter  through  almost  any  portal,  while  others  never  enter  the 
body  except  through  a  single  portal.  Thus,  plague  bacilH  may  enter  through  the 
skin,  through  the  mouth,  through  the  lungs,  or  through  the  conjunctiva.  But,  as 
far  as  we  know,  the  cholera  spirillum  acts  only  upon  the  intestinal  mucous  mem- 
brane ;  injected  under  the  skin  it  does  not  cause  disease  except  in  the  rare  instances 
in  which  the  cholera  vibrios  wander  thence  to  the  intestine.  Midway  in  position 
between  the  organisms  which  can  enter  by  almost  any  portal  and  those  limited 
in  entrance  to  a  single  portal,  are  the  germs  that,  while  preferring  definite  portals, 
occasionally  enter  through  others.  The  bacillus  of  diphtheria  preferably  attacks 
the  mucous  membrane  of  the  throat,  but  occasionally  it  may  attack  the  nose,  the 
conjunctiva,  or  the  larynx.  It  rarely,  if  ever,  attacks  an  open  cutaneous  wound. 
Similarly,  gonococci  preferably  attack  the  urethral  mucous  membrane;  but  they 
may  invade  the  rectum  or  the  conjunctiva;  they  do  not  multiply  in  cutaneous 
wounds. 

The  number  of  germs  gaining  entrance  may  be  of  great  importance.  If 
only  a  few  enter  they  may  be  quickly  overcome  before  they  give  rise  to  evi- 
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dent  signs  of  disease.  In  experimental  animals,  the  number  necessary  to 
give  rise  to  a  fatal  infection  is  known  as  the  "minimal  lethal  dose.'' 

Occasionally,  more  than  one  infectious  process  is  going  on  in  the  body 
at  the  same  time.  If  the  two  infections  arise  simultaneously  we  speak  of 
mixed  infections;  if  one  follows  upon  the  other  we  speak  of  a  secondary 
infection. 

Such  contemporaneous  infections  are  often  important  clinically.  Many 
of  the  deaths  in  diphtheria  and  scarlet  fever  are  due  to  complicating  strep- 
tococcus infections.  A  terminal  septic  infection  in  typhoid  is  not  uncom- 
mon. The  streptococcus  and  influenzal  infections  complicating  pulmonary 
tuberculosis  are  well-known  and  much  feared. 

(b)    Distribution  of  Microbes  Within  the  Body  After  Entrance 

In  certain  of  the  infectious  diseases  (diphtheria;  tetanus),  the  germs 
remain  at  the  portal  of  entry,  or  extend  along  the  contiguous  surface,  with- 
out going  far  into  the  tissues,  and  without  being  disseminated  through  the 
blood  or  lymph  to  distant  points;  these  are  local  infections.  The  action  of 
the  germs  themselves  in  such  instances  is  purely  local,  but  they  often  injure 
distant  parts  of  the  body  through  the  production  of  soluble  poisons,  which 
are  absorbed.  Such  diseases  are  often  spoken  of  as  intoxication  diseases 
in  contrast  with  the  infectious  diseases  in  the  narrower  sense  in  which  the 
germs  reach  various  distant  points  of  the  body  by  metatasis  through  the 
blood  or  lymph  (e.  g.,  infectious  polyarthritis),  or  on  entering  the  blood 
or  lymph,  multiply  there  in  large  numbers,  giving  rise  to  septicemia  or 
bacteriemia  (e.  g.,  anthrax). 

In  some  diseases,  bacteria  may,  after  a  period,  cease  to  multiply,  but 
some  of  them  may  still  remain  alive  in  secluded  parts  of  the  body  (latent 
infection),  and  under  special  circumstances,  later  on,  begin  to  multiply 
again  with  renewal  of  disease  symptoms.  Such  latent  infections  are 
especially  common  in  the  protozoan  invasions  (lues,  malaria,  trypanoso- 
miasis), but  latency  is  also  met  with  in  bacterial  diseases  (e.  g.,  erysipelas, 
subacute  infective  endocarditis,  chronic  polyarthritis,  tuberculosis). 
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(e)    The  Poisons  (Toxins)  Produced  by  the  Microbes, 

and  Their  Action 

These  are  divisible  into  two  groups:  (1)  soluble  substances  which  may 
be  looked  upon  as  metabolic  products  or  secretions  of  the  germs — ^the 
8<H!alled  ectotoxins  (e.  g.,  the  toxins  of  tetanus  and  diphtheria),  and  (2) 
poisonoua  substances  contained  within  the  bodies  of  the  bacteria  themselves 
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and  set  free  only  when  the  f acteria  are  broken  up — ^the  so-called  endotoxins 
of  Pfeiffer  (e.  g.,  the  poisons  derived  from  the  bodies  of  pneumococci, 
tuberde  bacilli,  typhoid  bacilli,  cholera  vibrios,  etc.). 

A  number  of  other  poisons  should  be  mentioned  here.  The  so-called 
ptomains  are  substances  derived  from  the  nutrient  media  in  which  bacteria 
grow.  They  resemble  alkaloids  and  their  nature  depends  upon  the  indi- 
vidual species  of  microorganism  taking  part  in  the  process  and  upon  the 
nutrient  medium  invaded  (meat,  cheese,  ice  cream,  etc). 

The  bacterioproteins  of  Buchner  are  thermostable  proteins  derived  from 
bacterial  bodies.  These  proteins  are  usually  pyogenic  in  action  when 
injected  under  the  skin.  Those  from  different  bacteria  resemble  one 
another  closely.    Old  tuberculin  and  mallein  are  rich  in  such  proteins. 

The  nature  of  the  so-called  aggressins  of  Bail  is  still  disputed  Bail 
believes  that  bacteria  produce  aggressins  that  paralyze  phagocytes,  since 
bacteria  injected  into  animals  along  with  the  sterilized  exudate  produced 
by  infection  with  the  same  bacterium  kill  more  quickly  than  when  the 
bacteria  are  injected  without  such  exudate. 

According  to  an  hypothesis  of  W.  H.  Welch,  bacteria  may  be  stimu- 
lated by  their  host  to  the  production  of  bacteriogenic  antibodies  that 
exert  a  specific  toxic  effect  upon  the  cells  of  the  body  of  the  host — a  bac- 
teria-protective mechanism  on  the  part  of  the  bacteria  to  overcome  the 
bacteria-offensive  mechanisms  of  the  body. 

Certain  other  chemical  substances  produced  by  the  germs  in  the  body 
(especially  the  antigens  that  give  rise  to  precipitins,  agglutinins,  opson- 
ins, and  lysins)  will  be  referred  to  further  on  when  the  phenomena  of 
immunity  are  discussed. 

Selective  Action  of  Poisons. — The  poisonous  substances  produced  by 
the  germs  often  exert  a  selective  action  upon  the  various  parts  of  the  body. 
Certain  organs  possess  an  especial  affinity  for  certain  poisons.  This  has 
been  shown  in  the  test  tube,  notably  for  the  tetanus  toxin,  which  is  avidly 
bound  by  fresh  emulsions  of  cerebral  gray  matter.  Similarly,  the  laking 
poison  produced  by  staphylococci,  and  known  as  staphylolysin,  is  quickly 
bound  by  red  blood  corpuscles  in  test  tube  experiments. 

Union  of  Poisons  with  Body-Cells. — One  difference  between  suscep- 
tible animals  and  those  that  are  insusceptible  to  a  given  infection  seems 
to  consist  in  the  capacity  of  certain  body-cells  to  unite  with  the  poisons 
produced ;  thus,  tetanus  toxn  injected  into  susceptible  animals  disappears 
from  the  blood  in  from  4-8  minutes.  Injected  into  lizards,  the  toxin  is 
demonstrable  in  the  blood  for  two  months,  though  the  lizard  shows  no 
symptoms.  It  has  no  cells,  apparently,  which  unite  with  the  toxin.  A 
scorpion  injected  in  the  same  way  shows  no  symptoms,  though  the  toxin 
quickly  disappears  from  the  blood ;  in  this  animal  it  unites  with  the  liver 
cells  and  can  be  again  extracted  from  the  liver,  the  extracts  producing 
typical  tetanus  in  mice. 
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Distribution  of  Poisons  in  the  Body. — In  the  distribution  of  poisons 
in  the  body  and  their  retention  in  certain  organs,  physical  conditions  such 
as  solubility-relations  are  in  part  responsible  and  chemical  affinities  also 
play  a  role. 

Poisons,  while  usually-  disseminated  through  the  blood  current  or  the 
lymph  stream,  may  in  certain  instances  follow  a  wholly  different  route; 
Aus,  in  tetanus,  the  toxin  reaches  the  central  nervous  system  neither  by 
way  of  the  blood  nor  of  the  lymph,  but,  entering  the  motor  nerves  at  the 
myoneural  junction,  travels  in  a  centripetal  direction  until  the  central 
nervous  system  is  reached. 
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(d)     The  Coarse  of  an  Infectious  Process 

Some  little  time  elapses  after  the  microbes  have  gained  entrance  into 
the  body  before  the  first  symptoms  of  the  disease  appear.  This  time  is 
called  the  period  of  incubation.  Usually  the  outspoken  symptoms  of  the 
disease  are  preceded  by  a  brief  stage  in  which  there  are  more  or  less  vague 
symptoms  (prodromata).  Before  recovery  from  an  infection,  there  may  be 
one  or  more  periods  of  exacerbation,  often  spoken  of  as  a  recrudescence  or 
an  intercurrent  relapse.  Sometimes  the  infection  appears  Xo  have  been 
entirely  overcome  and  convalescence  fully  established  when  the  patient 
and  the  physician  are  surprised  by  a  recurrence  of  the  symptoms  of  the 
infection ;  such  a  condition  is  called  a  true  relapse  or  recidive. 


(e)    The  Virulence  of  the  Microbes 

A  microbe  is  said  to  be  pathogenic,  or  virulent,  when  it  is  tfble  to  mul- 
tiply in  the  organism  invaded  and  to  produce  poisons  that  injure  it.  The 
degree  of  virulence  varies  according  to  the  extent  of  these  two  capacities. 

Virulent  organisms  often  become  avirulent  when  grown  upon  artificial 
media.  Sometimes  the  virulence  can  be  renewed  by  passage  through  sus- 
ceptible animals,  the  virulence  increasing  on  passage  from  one  animal  to 
another  until  a  maximum  is  reached,  the  so-called  "fixed  virus"  of  Pasteur. 

As  the  microbes  grow  more  virulent,  they  acquire  increased  resistance  to 
the  antibodies  produced  by  the  organism  invaded,  and  become  less  suscep- 
tible to  phagocytosis.  In  addition,  the  microbes  may  produce  substances 
(bacteriogenic  antibodies)  that  combat  the  chemical  agents  used  by  the 
organism  invaded  in  its  defense  (Welch). 

Despite  the  increase  in  virulence  of  microbes  by  experimental  passage 
through  susceptible  animals,  virulence  remains  at  a  relatively  low  level  in 
nature,  and  the  mortality  rates  of  infectious  diseases  appear  to  be  falling 
rather  than  rising.  A  plausible  biological  explanation  has  been  given  by 
Theobald  Smith,  who  suggests  that  mainy  pathogenic  microbes  are  being 
reduced  to  a  more  parasitic  form  of  life.  A  microbe,  to  maintain  its  exist- 
ence, must  be  able  to  adapt  itself  to  conditions  that  allow  the  invasion  of 
host  after  host.  In  addition,  the  most  susceptible  hosts  are  being  gradually 
weeded  out  The  advance  toward  parasitism  on  the  part  of  the  microbes 
and  the  advance  toward  less  susceptibility  on  the  part  of  the  hosts  must  be 
followed  by  a  decline  in  virulence  and  in  mortality  rates. 
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4.    Mechanisms  of  Defense  of  the  Human  or  Animal  Body 

Though  an  infected  animal  supplies  a  nutrient  medium  for  the  growth  of 
the  invading  microbe,  it  possesses  manifold  mechanisms  of  defense,  which 
it  makes  use  of  in  repelling,  or  in  overcoming,  the  enemy.  When  we  con- 
sider the  variability  of  the  pathogenicity  and  virulence  of  the  microbes  on 
the  one  hand,  and  the  variability  in  the  susceptibility  and  in  the  mechan- 
isms of  defense  of  the  hosts  on  the  other,  we  can  understand  why  the  symp- 
toms and  course  of  infections  must  vary,  and  how  unlikely  it  is  that  a  given 
concrete  case  under  observation  will  conform  in  every  particular  to  a 
"typical  text-book  description." 

When  a  person  is  protected  by  natural  or  artificial  means  against  a 
certain  infection  or  intoxication,  lie  is  said  to  be  immune.  When  he  is  not 
so  protected  he  is  said  to  have  a  disposition  for,  or  to  be  susceptible  to,  the 
disease. 

(a)    On  Immunity  in  General 

Inborn  protective  power  of  the  organism  against  infections  is  known  as 
natural  resistance  or  inborn  immunity.  The  protective  powers  that  are 
acquired  in  the  course  of  life  are  spoken  of  as  acquired  immunity.  It  has 
long  been  known  that  one  attack  of  certain  infectious  diseases  protects  from 
subsequent  attacks.  The  acquired  immunity  here  is  natural,  or  sponta- 
neous, but  in  many  instances  we  can  produce  an  immunity  at  will,  by  sys- 
tematically treating  the  body  with  the  microbes  or  their  poisons  (active 
immunization).  These  harmful  substances,  known  as  antigens,  give  rise 
to  reactions  in  the  hosts  that  lead  to  the  production  of  so-called  antibodies 
that  neutralize  or  destroy  the  antigens. 

In  acquired  immunity,  the  protection  may  depend  upon  the  chemical 
neutralization  of  pathogenic  toxins  by  specific  antitoxins  (acquired  anti- 
toxic immunity).  In  some  instances  it  may  depend  upon  the  acquisition 
of  the  power  quickly  to  destroy  the  entering  microbe  (antibacterial  or  bac- 
teriolytic immunity)  ;  in  still  other  cases  the  protection  may  depend  upon 
the  formation  of  substances  that  prepare  the  bacteria  for  phagocytosis 
(phagocytic  immunity).  Immunity  may  also  be  produced  by  injecting 
immune  substances  derived  from  artificially  immunized  animals  {passive 
immumzation). 
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(6)    Natural  Immunity,  or  Resistance 

This  may  be  either  antibacterial  or  antitoxic 

L    Antibacterial  Resistance 

An  antibacterial  resistance  may  depend  upon  (1)  the  closure  of  the 
portals  of  entry,  (2)  conditions  unfavorable  to  the  growth  of  bacteria  after 
entrance,  or  (3)  bactericidal  powers  of  the  fluids  themselves. 

Natural  bactericidal  action  of  the  blood  depends  upon  substances  in  the 
serum  (alexins) ;  these  are  thermolabile  and  resemble  ferments  in  .that 
they  require  a  certain  temperature,  a  slightly  alkaline  or  neutral  reaction, 
and  a  certain  salt  content,  to  exert  their  bactericidal  effects.  The  serum 
can  be  made  inactive  by  heating  thirty  to  sixty  minutes  at  65°  to  60°  C, 
which  destroys  the  alexin.  In  acquired  bactericidal  action  of  the  blood, 
other  substances  are  important     (See  Bacteriolysis.) 

In  phagocjrtosis,  the  microbes  are  taken  up  by  the  cellular  elements 
and  undergo  digestion  inside  them.  In  human  beings,  it  is  the  meso- 
dermal element  and  especially  the  white  blood  corpuscles  and  the  endo- 
thelium of  blood  and  lymph  vessels,  which  act  as  phagocytes.  The 
polymorphonuclear  leukocytes  have  been  designated  microphages,  while 
the  large  mononuclear  cells,  the  large  lymphocytes,  the  giant  cells,  and  the 
pulp  cells  of  the  spleen  and  bone  marrow  are  called  macrophages.  Most 
microbes  are  taken  up  by  microphages,  but  the  tubercle  bacillus,  the 
actinomycosis  fungus,  and  animal  parasites  are  more  often  engulfed  by 
macrophages. 

The  phagocytes  are  peculiarly  susceptible  to  chemical  stimuli  (chemo- 
tazis).    Certain  chemical  substances  of  bacterial  origin  attract  leukocytes 
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to  them  in  large  numbers.  They  are  positively  chemotaxic  Other  sub- 
stances appear  to  drive  leukocytes  away  from  them.  They  are  said  to  be 
negatively  chemotaxic.  A  third  group  of  substances  neither  attract  nor 
repel  the  phagocytes.  They  are  the  so-called  indifferent  substances.  A 
given  substance  may  be  positively  chemotaxic  in  one  concentration,  and 
nc^tively  chemotaxic  in  another.  It  seems  probable  that  the  leukocytosis 
and  the  leukopenia  met  with  in  the  infectious  diseases  are  in  part  to  be 
explained  upon  a  chemotaxic  basis ;  in  addition,  stimulation  or  depression 
of  the  leukopoietic  tissues  must  also  be  considered.  (See  Leukocytosis  and 
Leukopenia). 

Both  non-virulent  and  virulent  bacteria  may  be  engulfed  by  phago- 
cytes. Usually  the  bacteria  undergo  intracellular  digestion  and  destruction, 
but  virulent  microbes  may  remain  alive  and  retain  their  virulence  for  a 
long  time  within  phagocytes. 

It  was  formerly  thought  that  substances  exist  in  the  serum  that  stimu- 
late the  phagocytes  to  activity.  They  were  called  stimulins.  Later  studies, 
especially  those  of  Wright  and  Douglas,  show  that  the  substances  in  the 
serum,  instead  of  stimulating  the  phagocytes,  act  upon  the  bacteria  so  as  to 
fit  them  for  engulfment  by  the  phagocytes.  These  substances  are  the 
oo-called  opsonins  and  they  appear  to  play  an  important  part  in  natural 
resistance. 

It  seems  probable  that  certain  other  substances  (lysins,  antitoxins)  play 
some  part  in  natural  resistance.  They  seem  to  be  of  far  greater  importance, 
however,  in  acquired  immunities  (vide  infra). 

Natural  immunity  is  rarely  absolute,  though  we  know  certain  examples;  thus 
no  animal,  except  man,  has  thus  far  been  found  susceptible  to  scarlet  fever;  and 
human  beings  are  absolutely  resistant  to  cattle  plague.  Natural  resistance  is,  there- 
fore, usually  a  relative  matter,  the  resistance  varying  at  different  times  and  under 
different  conditions  of  nutrition,  work,  cUmate,  intoxication,  mental  anxiety,  and 
the  like.  An  important  part  of  clinical  medicine  consists  in  finding  out  how  nat- 
ural resistance  to  disease  can  be  increased  by  means  of  dietetic,  hygienic,  and  other 
measures. 

&    Antitoxic  Resistance 

A  natural  resistance  to  intoxication  also  exists  in  addition  to  resistance 
to  infection.  This  is  well  shown  by  comparing  the  amount  of  toxin  neces- 
sary per  kilogram  of  body  weight  to  cause  death  in  different  animals. 
The  amounts  of  tetanus  toxin  required  for  the  horse,  guinea-pig,  rabbit, 
and  chicken  vary  as  the  figures  1 :2 :2,000 :200,000.  Measured  in  the  same 
way,  the  mouse  is  20,000  times  less  susceptible  to  the  diphtheria  toxin  than 
the  guinea-pig.  It  was  believed  by  Ehrlich  that  natural  resistance  to  toxic 
substances  depends  upon  failure  of  the  cells  to  anchor  the  poison  chem- 
ically. Studies  with  Schick^s  reaction  indicate  that  a  large  proportion  of 
children  and  adults  have  enough  antitoxin  to  diphtheria  in  their  blood  to 
protect  them  from  infection.     (See  Diphtheria.) 
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(c)    Acquired  Immunity 

If  a  person  has  once  had  scarlet  fever,  smallpox/  yellow  fever,  or 
measles,  he  is  protected  during  the  rest  of  his  life  from  another  attack.  If 
he  has  had  Asiatic  cholera,  he  is  protected  for  some  time,  hut  may,  later  in 
life,  have  a  second  attack.  If  he  has  had  influenza,  lobar  pneumonia,  or 
diphtheria,  he  may  gain  a  protection  for  a  very  brief  period,  but  in  a  short 
time  is  again  susceptible,  and,  in  some  instances,  more  susceptible  than  if 
he  had  not  been  previously  attacked.  The  degree  and  duration  of  acquired 
immunity  are  therefore  variable  for  the  different  infections,  and,  in  differ- 
ent people,  for  the  same  infection.  A  mild  infection  seems  to  yield  as  high 
a  grade  of  immunity  as  a  severe  infection.  Children  who  have  a  mild 
attack  of  scarlet  fever,  measles,  or  whooping-cough  are  therefore  to  be 
regarded  as  fortunate.  Such  observations  of  natural  acquired  immunity 
soon  led  to  the  attempt  to  immunize  artificially  with  attenuated  cultures  of 
bacteria. 
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i»    Antibodies  to  the  Aiitif{eiis 

Acquired  immunity  is  partly  due  to  an  intensification  of  the  natural 
powers  of  resistance,  but  it  is  principally  due  to  the  production  of  new 
protective  substances  by  the  organism  and  to  changed  conditions  of  the 
body  (allergy),  which  lead  it,  on  threatened  reinfection,  to  produce  the  pro- 
tective substances  in  large  amounts.  These  protective  substances  that 
the  organism  manufactures  to  overcome  infection  are  known  as  antibodies. 
On  the  other  hand,  the  substances  of  parasitic  origin  that  excite  the  for- 
matioQof  these  antibodies  are  known  as  antigens. 

The  antibodies  formed  include  (1)  substances  that  neutralize  toxins 
(antitoxins),  (2)  substances  that  injure  or  destroy  the  bacteria  (bao- 
ieriolysiTis,  etc.),  substances  that  act  upon  the  bacteria,  preparing 
them  for  phagococytosis  (immune  opsonins  or  baderiotropins). 

These  substances  are  specific.  The  diphtheria  antitoxin  neutralizes 
the  diphtheria  toxin  and  no  other ;  the  agglutinins  for  the  typhoid  bacillus, 
agglutinate  this  and  closely  allied  organisms  and  no  others ;  the  bacterio- 
lysins  produced  in  cholera  infection,  dissolve  up  the  cholera  vibrio  and 
DO  other. 

Though  the  earlier  studies  investigated  only  the  antibodies  formed 
against  bacteria  and  toxins,  later  work  has  shown  that  cells  of  various 
sorts,  especially  red  blood  corpuscles,  protein  substances,  ferments,  etc., 
can  act  as  antigens,  and  that  they  also  give  rise  to  specific  antibodies  (cyto- 
lynns,  hemolysins,  precipitins,  antiferments,  etc.). 
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iL    Theories  of  Antibody  Formation 

Many  theories  have  been  advanced,  but  the  side-chain  theory  of  Ehrlieh  is  the 
one  that  has  dominated  the  thought  of  investigators,  stimulating  important 
research.  This  theory  has  never  been  completely  substantiated,  and  though,  at 
present,  many  of  the  foremost  immunologists  accept  its  tenets  only  in  small  part, 
and  in  many  instances  reject  it  in  its  entirety,  it  affords  so  ready  a  working  hypothe- 
sis that  it  will  be  given  here. 

Ehrlieh  conceived  of  huge  molecules  in  the  protoplasm,  each  molecule  having 
a  more  or  less  stable  central  nucleus  to  which  are  attached  atomic  groupings  known 
as  lateral  chains,  or  side-chains,  which,  he  believes,  give  the  large  molecule  the 
power  to  enter  into  union  with  food  substances  and  with  other  foreign  substances 
reaching  the  cells.  Accordingly,  these  side-chains  have  also  been  designated  re- 
ceptors. A  foreign  substance  reaching  a  cell  combines  with  its  protoplasm  only 
when  it,  in  turn,  possesses  a  suitable  atomic  grouping  (haptophore  gn^up)  for 
uniting  with  a  receptor  of  the  cell,  much  as  a  key  fits  into  a  lock,  or  as  the 
fingers  into  a  glove.  Mere  union  of  the  foreign  substance  with  the  protoplasm 
of  the  cell  does  not  imply  that  the  former  also  exerts  any  influence  upon  the  pro- 
toplasm other  than  mere  occupation  of  the  receptor.  To  influence  the  protoplasm, 
another  special  atomic  grouping  is  required,  a  so-called  functional  group;  in  the 
case  of  a  toxin  the  functional  group  is  termed  a  toxophore  g^onp. 

If  a  large  number  of  receptors  of  a  given  kind  in  the  cells  become  occupied 
by  the  haptophore  groups  of  a  given  antigen,  the  cells  begin  to  form  receptors  of 
the  same  sort  in  large  amounts  (Weigert's  "law  of  regenerative  over-eompensa- 
tion"),  and  the  cells  throw  them  off  into  the  circulation  as  free  antibodies,  and 
these  free  antibodies  can  unite  with  the  haptophore  group  of  the  foreign  substance 
just  as  well  as  though  they  were  attached  to  body-cells.  Thus,  for  example,  if 
the  receptors  of  a  cell  have  become  sufficiently  combined  with  diphtheria  toxins 
in  reaction  duly  formed  receptors  will  be  thrown  off  into  the  blood  as  diphtheria 
antitoxins.  In  other  words,  the  same  substance  that,  attached  to  the  cell,  is  a 
pTerequisite  of  its  intoxication  becomes  a  medium  for  cure  when  it  is  free  in  the 
circulating  blood. 

Examples  of  such  free  cellular  receptors  other  than  antitoxins  are  the  anti- 
ferments,  the  agglutinins,  the  precipitins,  and  various  amboceptors  to  be  men- 
tioned later. 
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On  injeeting  antigens  into  an  animal  there  may  be  a  temporary  depression 
of  the  mechanism  of  antibody  formation  {negative  phase  ^) ;  this  is  soon  followed 
by  an  active  production  of  antibodies  {positive  plwse)  \  later  on,  this  over-activity 
returns  to  normaL  As  a  mle,  animals  do  not  form  antibodies  against  the  sub- 
stanees  of  their  own  bodies,  or  of  the  bodies  of  animals  of  the  same  species. 

Three  kinds  of  receptors  are  distinguishable  in  the  cell,  desig^iated  by  Elhrlich 
as  receptors  of  the  first  order,  of  the  second  order,  and  of  the  third  order. 

Receptors  of  the  first  order  possess  only  one 
haptophore  group  (e.  g.,  antitoxins,  antif erments) . 
They  have  the  power  of  anchoring  only  one  for- 
eign substance  with  the  protoplasmic  molecule. 
The  receptors  of  the  second  order  possess  a  hap- 
tophore group  and  a  so-called  ergophore,  or  zy- 
mophore, group  (e.  g.,  agglutinins  and  precipi- 
tins). With  the  haptophore  grdup,  the  foreign 
substance  is  anchored  to  the  protoplasm;  through 
the  ergophore  group,  the  protoplasm  is  influenced. 

The  receptors  of  the  third  order  possess  two 
haptophore  groups,  one  for  anchoring  a  foreign 
substance  (food  molecules,  bacteria),  the  other  for 
anchoring  complements  from  the  blood  serum 
through  which  the  foreign  substance  is  acted  upon. 
This  second  haptophore  group  is  called  the  comple- 
mentophil  group.  A  free  receptor  of  this  sort 
having  two  haptophore  groups  is  known  as  an 

amboceptor. 

iiL    Aotitoziiis 

Powerful  antitoxins  can  be  produced  in  ex- 
perimental animals  against  diphtheria  toxin, 
tetanus  toxin,  snake  venom,  and  the  poisons 
of  some  of  the  higher  plants.  The  sera  con- 
taining the  first  two  of  these  antitoxins 
can  be  carefully  concentrated  and  injected  into  human  beings  for  thera- 
peutic purposes.  The  immunity  thus  produced  is  temporary  and  is  known 
as  a  passive  immunity,  in  contrast  vdth  the  active  immunity  produced  by 
the  cells  of  the  organism  itself. 

Antitoxins  in  an  immune  mother  can  pass  through  the  placental  circu- 
lation to  the  child.  Antitoxins  neutralize  their  corresponding  toxins,  but 
Have  no  action  upon  the  organisms  that  form  the  toxins.  The  chemical 
structure  of  antitoxins  is  unknown,  but  it  is  believed  by  some  that  they  act 
by  chemical  union  with  the  toxins  to  form  a  harmless  substance. 

A  toxin  has  a  haptophore  group  that  unites  with  the  cell  and  a  toxo- 
phore  group  that  exercises  a  deleterious  effect  upon  the  cell  to  which  the 
toxin  becomes  attached.  The  antitoxins  are  free  receptors  of  the  first 
order  and  combine  with  the  haptophore  group  of  the  toxin  preventing 
^on  of  the  toxin  with  the  sensitive  cells. 


Fig.  40.— (A)  Receptor  of  the 
First  Order;  (B)  Receptor  of 
the  Second  Order;  (C)  Receptor 
of  the  Third  Order. 


*  The  existence  of  such  a  ^'n^^tive  phase"  is  denied  by  some  investig^ators. 
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The  toxophore  group  in  the  toxin  is  more  sensitive  than  the  hapto- 
phore  group,  and  when  injured  by  long  keeping,  or  by  heat,  the  toxin  is 
transformed  into  an  innocuous  modification,  the  toxoid. 

« 
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h.    Baderiolysiiis  and  Hemolysiiis 

Serum  containing  hacteriolyslns  make  the  corresponding  bacteria 
granular  and  dissolve  them.  Bacteriolysins  have  been  especially  studied 
in  cholera,  in  typhoid,  and  in  plague.  In  bacteriolysis,  two  distinct  inter- 
acting substances  are  concerned.  One  is  thermostable  and  specific — the 
amboceptor  or  immune  body;  the  other  is  themiolabile  and  non-specifi 
the  complement. 
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Amboceptors  are  non- 
dialysable,  and  may  be 
kept  for  years.  Comple- 
ment is  present  in  normal 
blood  and  degenerates  rap- 
idly in  vitro.  There  are 
several  varieties  of  comple- 
ment, and  their  hapto- 
hore  groups  differ  in  their 
aflSnities.  The  comple- 
ments possess,  besides  the 
haptophore  group,  func- 
tional or  zymophore  groups. 
The  latter  can  be  rendered 
inactive  without  injury  tc 
the  haptophore  group  (for- 
mation of  complementoid). 

Hemolysins  are  similar 
in  structure  to  bacterioly- 
sins,  and  for  hemolysis  to 
occur  three  substances,  (1) 
complement,  (2)  specific 
hemolytic  amboceptor,  and 
(3)  red  corpuscles  must  be 
present.  When  red  cor- 
puscles are  mixed  with  a 
fresh  serum  containing 
specific  hemolysins,  the 
blood  is  laked,  that  is,  the 
hemoglobin  is  dissolved 
out  of  the  red  corpuscles 
and  diffused  through  the 
medium. 

Normal  serum  has 
some  hemolytic  effect  up- 
on the  red  blood  corpus- 
cles of  a  different  species 
[mturdl  hemolysis)  y  but 
these  hemolytic  properties 
of  the  serum  of  an  animal 
can  be  greatly  increased  if 
the  animal  be  subjected  to 
repeated  injections  of 
washed  corpuscles  of  a  for- 
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eign  species  (artificial  hemolysis).  If,  for  example,  a  rabbit  be  subjected 
to  a  series  of  injections  with  sheep's  red  corpuscles,  the  serum  of  the  rabbit 
will  quickly  hemolyse  washed  sheep  corpuscles  in  a  test  tube.  These  arti- 
ficially produced  hemolysins  are  highly  specific  in  their  action. 

Such  a  hemolytic  serum  heated  for  30  minutes  at  56°  C.  ceases  to  be 
hemolytic  owing  to  destruction  of  complement,  but  when  to  such  a  serum, 
thus  rendered  inactive,  a  little  normal  serum  (not  hemolytic  in  itself)  is 
added,  its  hemolytic  power  is  restored,  the  reactivation  being  due  to  the 
addition  of  new  complement  to  the  thermostable  amboceptor. 

In  terms  of  Ehrlich's  theory,  the  hemolytic  amboceptor  possesses  two 
haptophore  groups,  one  with  a  strong  avidity  for  red  corpuscles  (cytophU 
group),  and  a  second  for  union  (with  less  avidity)  with  complement  (com- 
plementophil  group).  The  cytophil  group  unites  with  red  corpuscles,  even 
at  low  temperatures.  For  union  of  the  complementophil  group  with  com- 
plementj  a  higher  temperature  is  necessary.  The  amboceptor  alone  cannot 
hemolyze  nor  can  complement  alone;  it  is  the  complement  that  hemo- 
lyzes,  by  acting  through  the  amboceptor ;  in  other  words,  the  function  of 
the  amboceptor  is  to  act  as  a  medium,  connecting  the  complement  with  the 
red  corpuscle.  The  complement  itself  here,  as  in  the  bacteriolysin,  pos- 
sesses not  only  the  haptophore  group  for  the  union  with  the  amboceptor,  but 
f^^  also  a  zymotoxic,  or  ergophore,  group 

r^  that  causes   the  laking.     On  heating 

[^  WjL  ^  to  60°  C,  the  zymotroxic  group  of  the 

complement  is  destroyed,  but  the  hap- 
tophore group  is  uninjured,  and  can 
unite  with  the  complementophil  group 
of  the  amboceptor,  the  complement  in 
this  case  having  been  changed  to  eom- 
plementoid.  There  must  be  a  certain 
amount  of  salt  in  the  fluid  in  order 
that  the  complement  may  act.  If  the 
serum  be  freed  from  salt  by  dialysis, 
the  complement  is  split  into  two  parts, 
one  part  remmaining  in  solution,  the 
other  being  precipitated.  Complement 
itself  must  therefore  have  a  very  com- 
plicated structure. 

The  researches  of  Preston  Kyes  in- 
dicate that  in  hemolytic  snake  venoms, 
lecithin  can  act  as  complement. 
Eecent  studies  indicate  that  extracts  of  certain  organs  exert  a  hemo- 
lytic effect  (organ  hemolysis) y  not  unlike  cobra  venom  hemolysis.     This 
organ  hemolysis  appears  to  depend  upon  the  lipoids  in  the  extract.    The 
theory  has  been  advanced  that  some  of  the  severe  anemias  depend  upoii 
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42.~Schematlc  Representation  of 
the  Process  of  Hemolysis,  (a)  Blood 
Corpuscles,  (b)  Amboceptor,  (c)  Com- 
plement, (d)  Receptor  of  the  Blood 
Corpuscle,  (e)  Cjtophll  Group  of  the 
Amboceptor,  (f)  Complementophil 
Group  of  the  Amboceptor,  (g)  Hapto- 
phore Group  of  the  Complement,  (h) 
Toxophore  (Ergophore)  Group  of  the 
Complement.     (After  Dieudonn^.) 
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the  hemolytic  action  of  such  organ  lipoids,  especially  since  ethereal 
extracts  of  the  dibothriocephalus  tape-worm  act  hemolytically. 

According  to  Bordet,  whose  views  are  upheld  in  this  country  especially 
by  F.  P.  Gay,  the  process  of  hemolysis  is  somewhat  different  from  that 
assumed  by  Ehrlich.  Instead  of  the  term  amboceptor,  Bordet  uses  the 
term  substance  sensibilatrice,  and  instead  of  complement,  the  term  alexin. 
According  to  Bordet,  the  red  corpuscles  are  injured  (sensibilized)  by  the 
substance  sensibilatrice,  after  which  the  alexin  causes  laking. 

The  amboceptor  has  received  various  other  names  (e.  g.,  preparator  of 
Gruber;  fixateur  of  Metchnikoi?). 

The  hemolysins  which  act  upon  the  red  corpuscles  of  a  different  species 
are  known  as  heterolysins.  The  blood  of  certain  human  beings  contains 
hemolysins  that  act  upon  the  red  corpuscles  of  other  human  beings ;  that 
is,  upon  the  cells  of  an  animal  of  the  same  species.  Such  isolysins  (or  iso- 
hemolysins)  may  be  of  considerable  importance  when  blood  transfusion  is 
contemplated  for  therapeutic  purposes.  W.  L.  Moss  has  worked  out 
methods  for  securing  human  blood  which  will  not  act  hemolytically  on 
transfusion  (see  Diagnosis  of  Diseases  of  the  Blood). 

Hemolysins  can  themselves  act  as  antigens,  and,  on  injection,  give  rise 
to  antihemolysins,  which  inhibit  the  hemolytic  effect  of  a  senmi  (produc- 
tion of  anticomplement,  or  of  anti-amboceptor,  or  of  both). 

Complement  Deviation. — In  studying  bacteriolysis,  or  hemolysis,  the 
quantitative  relations  of  amboceptor  and  of  coinplement  must  be  consid- 
ered. If,  in  test  tube  experiments,  the  amount  of  bacteriolytic  amboceptor 
be  greatly  increased,  while  the  complement  remains  unchanged  in  amount, 
there  will  be  no  bacteriolysis  (Neisser-Wechsberg  phenomenon).  Here, 
probably,  the  combining  power  of  the  bacteria  with  amboceptors  is  more 
than  satisfied,  and  free  amboceptors  remain  in  the  surrounding  fluid.  If 
the  complement  be  limited  in  amount,  it  will  be  distributed  among  the 
amboceptors  attached  to  the  bacteria  and  the  free  amboceptors ;  thus  a  part 
of  the  complement  will.be  deflected  (deviated)  from  the  bacteria,  and, 
with  certain  quantitative  relations,  the  complement  going  to  the  attached 
amboceptors  will  be  insufiicient  to  cause  bacteriolysis.  It  is  possible  that 
the  attached  amboceptors  are  less  avid  for  complement  than  the  free  ambo- 
ceptors. 

Fixed  Complement. — Aa  described  above,  hemolysis  depends  upon  (1) 
red  blood  corpuscles,  (2)  specific  amboceptors  (inactive  immune  serum), 
and  (3)  complement  (fresh  normal  serum).  Similarly,  three  constitu- 
ents (bacteria,  specific  amboceptor,  complement)  are  necessary  for  bacteri- 
olysis. The  complement  can  be  the  same  in  the  two  processes;  the  ambo- 
ceptors are  different  If  one  takes,  for  example,  the  serum  of  an  animal 
immunized  against  the  cholera  vibrio,  inactivates  it  by  heat,  adds  cholera 
vibrios  and  complement  and  allows  the  mixture  to  stand  for  one  hour  at 
body  temperature,  the  bacteriolytic  amboceptors  and  the  complement  will 
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be  anchored  to  the  bacteria.  If  to  this  mixture  we  next  add  a  hemolytic 
system  consisting  of  red  corpuscles  anchored  to  hemolytic  amboceptors 
without  complement,  no  hemolysis  will  occur;  the  blood  is  not  laked 
because  the  complement  has  been  all  used  up;  it  has  been  "bound"  op 
"fixed/^ 

In  another  experiment,  cholera  vibrios  are  mixed  with  the  inactive 
serum  of  an  animal  immunized  against  typhoid ;  complement  is  added,  and 
the  mixture  kept  for  an  hour  in  the  thermostat  at  37°  C.  Here  specific 
bacteriolytic  amboceptors  for  cholera  vibrios  are  absent  and  the  comple- 
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Fig.  43.— Schematic  Representation  of  Complement  Fixation  and  Hemolyslif,  (a  and  b) 
Immune  Serum,  (c)  Receptor  of  the.  Blood  Corpuscle — Hemolytic  System,  (d)  Ambo- 
ceptor— Hemolytic  System,  (e)  Complement — Hemolytic  System,  (f)  Antigen  Bacillus, 
Blood  Corpuscle.     (After  Dleudonn^.) 


ment  will  not  be  fixed.  Now,  if  a  hemolytic  system  be  added  (red  cor- 
puscles, plus  specific  hemolytic  amboceptors),  hemolysis  will  promptly 
occur,  for  the  complement  is  free,  and,  uniting  with  the  hemolytic  ambo- 
ceptors, will  act  through  them  upon  the  red  corpuscles  and  will  lake  the 
blood. 

Here  we  have  a  principle  of  great  help  in  diagnosis,  for,  by  testing  for 
complement  fixation,  we  can  decide  whether  or  not  a  serum  contains  spe- 
cific amboceptors  for  a  known  bacterium.  If  the  serum  examined  contain 
the  specific  amboceptor  for  the  known  antigen  (Bacterium),  there  will  be 
no  hemolysis  when  the  red  corpuscles  and  hemolytic  serum  are  added.  If 
it  do  not  contain  these  amboceptors,  hemolysis  will  occur.  The  process  of 
complement  fixation  is  often  called  the  Bordet-Oengou  phenomenon.  It  is, 
clinically,  especially  important  in*the  diagnosis  of  syphilis  (Wassermann 
test,  q.  V.)  and  of  helminthiasis,  especially  tenia  and  echinococcus. 
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As  has  been  stated,  certain  substances  in  the  serum,  which  render  bac- 
teria susceptible  to  phagocytosis,  are  called  opsonins  (Wright  and  Doug- 
las), or  bacteriotropins  (Neufeld).  Those  occurring  in  normal  blood 
(normal  opsonins)  are  probably  entirely  different  from  those  occurring 
in  the  blood  of  immunized  animals  (immune  opsonins;  bacteriotropins). 
The  immune  opsonins  are,  according  to  Neufeld,  thermolabile  (consisting 
of  complement  and  another  body,  the  latter  thermostable)  and  do  not 
require  complement  for  their  activity.  These  substances  have  been 
studied  in  America  especially  by  Hektoen,  Ruediger,  Cole,  and  Koss. 

The  methods  of  studying  opsonins,  we  owe  especially  to  Wright  and 
Douglas.  Clinically,  Wright  bases  his  method  of  treatment  of  infections 
with  vaccines  made  from  the  infecting  bacteria,  upon  a  determination  of 
the  opsonic  index  (q.  v.),  which  he  uses  as  a  guide  for  the  injections. 
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yL    Precipitins 

These  are  antibodies  that  precipitate,  specifically,  protein  sub- 
stances from  solution.  The  protein  injected  as  an  antigen  is  known  as  a 
precipitinogen.  Through  the  immunizing  process,  precipitins  are  formed, 
^hich,  when  added  again  to  a  solution  of  the  original  protein  (precipitino- 
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gen  or  precipUable  svistance)  cause  a  precipitate  to  form.  Ordinary  pro- 
tein precipitins  are  to  be  distinguished  from  bacterioprotein  precipitins. 
The  latter  were  discovered  by  R.  Kraus  in  1897,  the  former  by  Bordet 
and  Tschistowitsch. 

Ordinary  Protein  Precipitins. — The  serum  of  an  animal  immunized 
against  alien  serum  will  cause  precipitates  in  the  alien  serum  when  mixed 
with  it.  The  principle  is  of  great  value  in  forensic  medicine  for  differen- 
tiating the  proteins  of  human,  from  those  of  animal,  blood  (Uhlenhuth). 
Nuttall  has  applied  the  principle  most  extensively  in  studying  the  biolog- 
ical relationships  of  animals. 

Precipitins  contain  two  groups,  a  more  stable  haptophore  group,  which 
unites  with  precipitinogen,  and  a  more  labile  functional  group,  which 
causes  the  precipitation  (Kraus  and  von  Pirquet). 

The  biological  test  by  means  of  precipitins  is  much  more  delicate  than 
any  known  chemical  test.  Solutions  of  protein  1-100,000  are  recognizable 
by  the  use  of  this  method. 

Bacterioprotein  Precipitins. — ^Filtrates  of  old  bacterial  cultures  yield 
precipitates  with  corresponding  immune  sera.    The  reaction  is  specific. 
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These  antibodies,  discovered  by  Gruber  and  Durham,  cause  a  clump- 
ing, or  agglutination,  of  bacteria  {bacteri<Higglutinins)  or  of  red  blood 
corpuscles  {hemagglutinins). 

Iformal  serum  contains  agglutinins,  which  act  upon  the  most  different 
kinds  of  bacteria,  if  the  serum  be  not  markedly  diluted  (1 :10  to  1 :20). 
These  agglutinins  are  not  specific.  The  serum  of  a  patient  or  of  an  animal 
immune  to  a  given  disease  (like  typhoid  or  cholera)  from  having  had  the 
disease  naturally  or  from  artificial  immunization,  agglutinates  the  corre- 
sponding bacterium  in  strong  dilution  (1: 100  to  1:  5,000,  etc.).  Such 
agglutinins  are  specific,  and  are  therefore  useful  for  diagnostic  purposes 
(cf.  Widal  reaction).  Bacteria,  if  motile,  lose  their  motility  when  agglu- 
tinated, but  are  not  necessarily  killed ;  they  will  continue  to  grow,  though 
often  in  the  form  of  long  interlaced  threads  (thread  reaction). 

Agglutinins  are  thermostable  at  65°  to  60°  C,  but  are  destroyed  at 
70°  C. 

Agglutinins  contain  two  groups,  (1)  a  haptophore  group,  which  unites  with 
the  bacteria,  and  (2)  a  functional,  or  agglutinophore,  group,  which  causes  the 
agglutination.  The  latter  is  the  more  sensitive,  and,  when  injured  without  injury 
to  the  haptophore  group,  the  agglutinins  are  converted  into  agglutinoida,  which 
can  unite  with  bacteria  without  agglutinating  them. 

An  immune  serum  may  agglutinate  other  bacteria  than  the  homolo- 
gous bacterium,  if  they  be  closely  related  to  it  Such  group  agglutination 
is  met  witb  especially  in  the  typhoid-paratyphoid-colon  group.  In  mixed 
infections,  a  serum  may  contain  "immune'*  or  "major*'  agglutinins  for 
both  infecting  microbes  (mixed  agglutination). 

The  saturation  experiment  of  Castellani  is  used  to  distinguish  between 
group  agglutination  and  mixed  agglutination.  If  the  serum  of  a  patient 
agglutinate  typhoid  bacteria  in  great  dilution,  and  paratyphoid  bacteria  in 
almost  as  great  dilution,  a  portion  of  serum  is  mixed  with  small  amounts 
of  a  typhoid  culture,  allowed  to  stand  for  a  time,  and  then  centrifugalized. 
Should  the  serum  subsequently  continue  to  agglutinate  paratyphoid  bacilli, 
a  mixed  infection  is  assumed  (mixed  agglutination) ;  otherwise  a  group 
agglutination  is  diagnosed. 

Injection  of  red  corpuscles  of  one  species  into  an  animal  of  another 
species  causes  hemagglutinins  to  appear  in  the  serum ;  the  immune  serum 
will  clump  the  red  corpuscles  of  the  animal-species  the  corpuscles  of  which 
have  been  used  as  antigen.  Besides  these  hetero-agglutinins,  hemagglutinins 
against  blood  corpuscles  of  an  animal  of  the  same  species  can  be  prepared 
(iso-agglutinins).    As  yet  they  have  little,  if  any,  diagnostic  importance. 
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yiii.    Antifenneiits 

Similar  to  other  antibodies  are  antiferments.  They  have  been  prepared  against 
the  lab-ferment,  against  trypsin,  and  against  pepsin.  (See  Examination  of  the 
Blood.) 
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(d)    Anaphylaxis;  HypersusceptibUity;  AUeryy 

L    History  and  Definitkm 

Studies  on  immunity  have  been  directed  chiefly  to  the  explanation  of  the  pro- 
tection afforded  by  preceding  infection.  Since  1902,  attention  has  been  directed 
toward  a  contrasting  group  of  >  phenomena  described  under  different  names — 
anaphylaxis  (Richet),  hypersusceptibility  (Wolff -Eisner),  or  allergy  (von  Pir- 
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qoet).  The  fundamental  observations  on  which  later  knowledge  of  anaphylaxis 
is  based  were  made  by  Herieourt  and  Richet  (1898) ,  when  they  noted  that  repeated 
injections  of  eel-serum  into  dogs  causes  increased  susceptibility  to  that  substance. 
Later,  Richet  (1902)  found  that  if  a  dog  b§^  injectied  with  a  poison  derived  from 
tbe  sea-urchin,  and  several  days  later  be  given  a  second  injection,  the  second  dose 
need  be  only  ^  or  i  as  large  as  the  first  dose  to  produce  severe  or  lethal  symptoms. 
11  the  animal  lives,  he  recovers  more  quickly  than  after  the  first  injection. 
Richet  therefore  assumed  that  the  poison  consists  partly  of  an  iTninnnizing  or 
prophylactic  principle  and  partly  of  a  sensitizing  or  anaphylactic  principle.  This 
was  the  first  sharp  separation  of  the  conception  of  anaphylaxis  from  that  of 
immunity.  Soon  after  the  appearance  of  Richet's  publications,  Arthus  confirmed 
his  observations.  Arthus  noted  that  rabbits  injected  with  horse  serum  become 
exquisitely  sensitive  to  a  second  injection  given  after  an  interval  of  7  days. 

A  little  later,  von  Pirquet  observed  that,  on  giving  a  second  injection  of  horse 
aerom  to  a  child,  the  symptoms  of  serum  disease  did  not  appear  on  the  10th  day, 
as  after  the  first  injection,  but  within  24  hours,  from  which  he  drew  the  conclusion 
that,  in  infections,  the  disease-exciting  agent  gives  rise  to  pathological  symptoms 
only  after  it  is  altered  by  antibodies,  and  that  the  incubation  period  is  the 
time  elapsing  before  the  formation  of  antibodies.  Later,  in  collaboration  with 
Schick,  the  difference  between  accelerated  and  immediate  capacity  for  reaction 
was  recognized  by  von  Pirquet  and  the  diagnostic  significance  of  the  latter  pointed 
out  These  authors  came  to  the  co];Lclusion  that  the  antibodies  produced  convert 
tbe  foreign  body  injected  (innocuous  in  itself)  into  a  toxic  modification. 

In  1902,  Theobald  Smith  had  noticed  that  g^uinea-pigs  used  for  testing  diph- 
theria toxin,  and  for  that  purpose  injected  with  toxin-antitoxin  mixtures,  often 
died  if,  after  a  short  interval,  they  were  given  a  small  amount  of  horse  serum  by 
Bobentaneous  injection.    Otto  confirmed  and  elaborated  these  findings. 

Rosenau  and  Anderson,  in  an  attempt  to  explain  sudden  deaths  after  treat- 
ment by  diphtheria  antitoxin,  made  an  exact  study  of  the  effect  of  horse  serum, 
and  of  other  substances,  upon  guinea-pigs. 

In  1904,  the  subject  was  taken  up  by  Wolff-Eisner,  who  introduced  the  term 
liypersusceptibilityi  and  suggested  that  hay  fever  and  urticaria  are  to  be  explained 
on  this  principle. 

In  1906,  von  Pirquet  suggested  the  expression  allergy,  or  clinical  alteration 
of  reaction  capacity,  as  a  name  for  the  phenomena  formerly  included  under  the 
tenns  anaphylaxis  and  hypersusceptibility.  In  America,  important  contributions 
to  the  subject  have  b^n  made  by  Auer  and  Lewis  ^  Gay  and  Southard,  Adler, 
Pearce,  Helmholz,  P.  W.  Clough,  Lucas,  E.  L.  Trudeau,  V.  C.  Vaughan,  H.  Q. 
Welb,  H.  Zinsser  and  C.  R.  Austrian,  besides  those  already  mentioned. 

In  studies  of  vaccination  and  re-vaccination,  it  has  been  shown  that  the  change 
in  the  reaction  capacity  of  the  body  (allergy)  is  easily  elicited  by  successive  vac- 
cinations of  the  ^in  with  cow-pox.  The  reaction  capacity  is  changed  as  r^ards 
its  time-relations,  both  qualitatively  and  quantitatively.  On  a  first  vaccination,  the 
inflammation  reaches  its  maximum  about  the  11th  day.  On  repeated  vaccinations,  it 
may  appear  on  the  9th  to  the  4th  day  after  the  vaccination  {accelerated  reaction). 

In  the  allergy  following  injection  of  foreign  serum,  similar  temporal  changes 
in  reaction  capacity  are  met  with.  The  normal  "serum  disease"  appears  about  the 
^h  day.  If  more  serum  of  the  same  sort  be  injected  after  an  interval  of  several 
months  or  years,  the  symptoms  of  serum  disease  appear  in  from  4  to  7  days  {acceU 
trated  reaction).  If  the  second  injection  be  made  intravenously  at  a  certain  inter- 
^  after  the  first,  symptoms  appear  very  quickly  {immediate  reaction). 

Besides  these  temporal  changes  in  reaction  capacity,  quantitative  and  qualita- 
tive changes  are  demonstrable. 
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Pig.  44.— PffectR  of  Hor»e-mrnni  In  Mm.     (After  C.  E.  too  rirquet.  Arch.  Int.  Med.) 

Any  soluble  foreign  protein  (of  animal,  of  v^etable,  or  of  chemical  sonrce) 
may  act  as  a  BeoBitizing  substance  if  it  reach  the  blood  or  lymph  is  its  native  or 
nnaltered  state,  uncleft.  Exceedingly  minute  quantities  sufiice  to  induce  sensitiza- 
tion. H.  Q.  Wells  showed  that  0.000.000.05  g.  of  crystallized  e^  albumen  can 
make  a  guinea-pig  sensitive.  Ordinarily,  0.1  to  1.0  c.c.  of  a  foreign  serum  will 
so  sensitize  a  guinea-pig  that  a  second  injection  given  intravenously  will  cause 
anaphylactic  death. 

Sensitization  may  occur  in  ways  other  than  by  injection.  It  may  be  inherited. 
It  may  sometimes  be  established  by  feeding  a  foreign  protein.    It  may  oecur  aft^ 
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iialiJtation  of  serum  into  the  conjunctiva,  or  titter  inhalation  of  Bemin.  Ouinea- 
fttgi  can  be  sensitiEed  by  inunction  of  horse-eerum-lanolia  salve  (Clough),  or  by 
tojiiMJ  irrigation,  or  rectal  enema.  We  bepin,  through  such  studies,  to  understand 
the  origin  of  the  so-called  idiosj/ncrasies  of  man.  It  is  to  be  kept  in  mind  that 
these  sensitizations  are  very  specific;  thus  the  organ-proteins  of  an  animal  are 
diSuent  from  the  serTim-proteins  of  the  same  animal. 

Tlie  blood  of  an  animal  which  has  been  sensitized  to  a  protein  sub- 
stance (active  snapliylaxiB)  may,  when  injected  into  another  animal,  lead 
to  a  transference  of  the  allergy  to  the  second  animal  (passive  allergy; 
punve  anaphylaxis).  Anaphylaxis  can  also  be  passively  transferred  from 
mother  to  young. 

Under  certain  circumstances  an  allergic  condition  can  be  suppressed 
{anergy;  antUmaphyUxis). 
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n.   Characten  of  ASietis,  and  Symptoms  of  Anaykylactic  Reaction 

The  three  main  characteristics  of  the  allergic  change  are  (1)  short- 
ened incubation  period,  (2)  accelerated  course  of  the  phenomena  of  reac- 
tion, and  (3)  accentuation  of  the  symptoms  of  reaction.     In  the  typical 
acQte  anaphylactic  shock,  such  as  follows  injection  of  serum  into  a  sensi- 
tized guinea-pig,  there  is 
restlessness,  eough^  sud- 
den severe  dyspnea,  soon 
followed   by  clonic 
spaams,  and   by   death 
within  a  few  minutes. 
In   milder    shock,    the 
dvspnea    is    transitory, 
t  h  e    animal     recovers 

quickly,  and,  in  a  few  I 

hours,  may  seem  normal  I 

sgab.     When  such  an 

animal    recovers    after     ,.?»?-.... ■ , i 
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been  Reiiected  In  Each  Oulpea-plg  Thirteen  Daji  Before 
the  Toxic   iDJertlon.      (Afler  J.  Auer.) 


anaphylactic  shock  is  ac- 
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companied  by  fall  in  blood  pressure  (dog),  emphysema  of  the  lungs  from 
bronchospasm  (Auer  and  Lewis),  fall  of  temperature  (guinea-pig),  and 
"chemical  rigor^*  of  the  myocardium  (rabbit).  Common  to  allergy  in  all 
these  varieties  are  (1)  leukopenia,  (2)  loss  of  the  coagulability  of  the 
blood,  and  (3)  disappearance  of  complement  from  the  blood. 

Phenomena  of  Senun  Disease. — The  symptoms  that  follow  a  single 
injection  of  horse  serum,  the  so-called  senun  disease  (von  Pirquet  and 
Schick),  appear,  after  an  incubation  period  of  8  to  12  days,  in  the  form  of 
(1)  urticaria,  usually  starting  at  the  site  of  injection  and.  extending  to 
other  parts  of  the  body,  (2)  edema,  (3)  arthralgias,  (4)  swelling  of  the 
lymph  glands,  and  (5)  fever,  with  albumin  and  casts  in  the  urine.  The 
larger  the  dose  of  serum,  the  more  marked  the  symptoms  in  predisposed 
persons. 

On  re-injection  of  a  serum  derived  from  the  same  animal  species,  the 
symptoms  of  serum  disease  appear  more  quickly  (4  to  7  days).  If  the 
second  injection  be  made  in  3  to  8  weeks  after  the  first,  over  90  per  cent 
of  those  injected  will  show  signs  of  serum  disease.  On  re-injection  after 
6  to  9  months,  about  50  per  cent  of  the  cases  show  symptoms.  Sometimes 
a  single  cubic  centimeter,  on  re-injection,  will  suflSce  to  cause  symptoms. 

Care  should  always  be  exercised  in  giving  diphtheria  antitoxin,  inquiry 
being  made  regarding  a  previous  injection.  Antitoxins  made  from  ani- 
mals other  than  the  horse  should  be  made  available,  and  used  for  second 
injections  given  after  intervals  longer  than  a  week. 

Clinical  Conditions  Due  to  Anaphylaxis. — High  fever  and  urticaria  ap- 
pear to  depend  upon  anaphylactic  reaction  to  foreign  proteins.  The  study  of 
bronchial  asthma,  and  of  hay  fever,  bids  fair  to  be  revolutionized  by  the 
study  of  sensitizing  "asthmogenic'^  substances.  The  tuberculin  reactions 
of  various  sorts  are  believed  to  be  anaphylactic  phenomena.  Indeed,  it 
would  appear  that  the  symptomatology  of  all  the  infectious  diseases  must 
sooner  or  later  be  re-written  in  terms  of  allergic  reaction,  and  a  start  in 
this  direction  has  already  been  made. 
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iiL    Antianapliylaxis 
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so-called  anti-anaphylaxis,  or  anergy,  should  be  more  carefully  studied.    In 
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animals,  deseusitizatiou  can  be  produced  by  the  iutraveiious  injection  of  a 
minute  quantity  of  the  antigen,  or  of  a  series  of  graded  doses  thereof 
(Besredba).  In  animals,  a  whole  series  of  siibstances  may  on  injection 
prereot  ttie  anaphylactic  reaction ;  among  these  may  be  mentioned  KaCl, 
BsClj,  peptone,  ether,  atropin,  urethan,  adrenalin,  and  chloral  hydrate. 

In  man,  severe  serum  anaphylaxis  is  not  very  common,  especially 
since  we  have  learned  to  take  certain  precautions  (use  of  old  serum ;  use 
of  punned  serum;  avoidance  of  repetition  of  horse  serum  injections;  cau- 
tion in  patients  who  suffer  from  asthma  or  who  have  asthmatic  antece- 
dents). In  patients  who  have  had  antitoxin  before,  I  have  sometimes  given 
a  small  amount  of  serum  by  the  rectum  on  the  day  preceding  re-injection  of 
diphtheria  antitoxin.  If  we  fear  anaphylaxis,  it  is  well  to  use  the  desen- 
ntimg  tnetliods  of  Beiredka,  to  be  on  the  safe  side.    In  urgent  cases,  e.  g., 


It 


1 ^^_.  ThraeViold  o« 

'Mtr^'     obcervation 


A 

tit.  47.— Ancrgy — ADtt-anapbylailR.      (After  C  K.   tod   rirqnct.  Arcb.   Int.  Med.) 

nf  (erebroapinal  meningitis,  Besretlka  advises  1  c.e.  of  a  10  per  cent  solu- 
linn  of  serum  intravenously;  after  4  minutes,  3  c.c  more;  and  10  minutes 
later  10  cc;  after  2  more  minutes  25  c.c.  of  the  dilution.  Four  minutes 
sfterthia  last  dose,  the  patient  is  desonsitized  and  may  receive  10-30  c.c. 
"I  undiluted  serum,  either  intravenously  or  intraspinally. 

The  danger  seems  to  he  greatest  in  patients  who  suffer  from  vasomotor 
instability,  or  from  vagotony.  The  fatal  cases  in  human  beings  have  most 
often  been  asthmatics,  or  persons  with  asthmatic  antecedents. 
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iv.    Theories  of  ADeriiy 

It  seems  certain  that  the  active  agent  in  anaphylaxis  circulates  in  the  blood 
(passive  transference!),  though  it  doubtless  is  derived  from  the  body  cells.  Some 
think  that  this  is  a  single  substance  {anaphylactin) .  Others  believe  that  the 
"anaphylactins"  vary  in  the  different  allergic  states.  Von  Pirquet  calls  the  sub- 
stance ergin,  and  believes  it  to  be  an  antibody,  produced  by  the  antigen,  and 
capable  of  converting  the  latter  into  a  poisonous  substance. 

On  account  of  the  resemblance  of  anaphylactic  shock  to  the  anaphylactoid 
phenomena  (Auer)^  which  appear  in  poisoning  by  a  first  injection  of  peptone, 
or  of  certain  other  substances,  the  theory  has  been  advanced  that  some  protein 
cleavage  (^'parenteral  digestion  theory"  of  anaphylaxis)  must  occur  during  the 
anaphylactic  reaction,  and  this  view  receives  much  support  from  experiment 
(Vaughan;  Schittenhelm  and  Weichardt;  Biedl  and  Kraus).  The  view  generally 
held  at  present  is  that  a  first  parenteral  introduction  of  protein  into  the  body 
causes  sensitization  by  the  production  of  antibodies  (proteolytic  ferment f)  which, 
on  subsequent  injections,  unite  with  the  antigen  to  lead,  in  some  way,  to  intoxica- 
tion by  a  protein  cleavage-product  that  excites  the  symptoms  of  anaphylaxis 
(Vaughan).  Vaughan  has  shown  that  any  protein  can  be  split  into  a  toxic  frac- 
tion (alcohol-soluble)  and  a  non-toxic  fraction,  and  that,  on  first  injection  into 
a  guinea-pig,  the  toxic  fraction  will  cause  symptoms  and  anatomical  signs  like 
those  of  anaphylactic  shock.  Strange  to  say,  tl}e  toxic  fraction  does  not  sensitize} 
but  the  non-toxic  fraction  can  sensitize  against  the  whole  protein  molecule,  though 
not  against  itself. 

In  general  anaphylaxis,  the  poison  appears  to  act  upon  the  central  nervous 
system,  especially  upon  the  vasomotor  center;  this  action  can  be  inhibited  by 
narcosis  with  ether,  ethyl  chlorid,  and  urethane  (Besredka). 

By  far  the  best  reviews  in  English  of  the  present  state  of  our  knowl- 
edge regarding  anaphylaxis  are  to  be  found  in  Auer's  article  "The  Func- 
tional Analysis  of  Anaphylaxis,"  in  Forchheimer's  "Therapeusis  of  Inter- 
nal Diseases,"  1914,  V,  39-120,  in  Zinsser's  article  in  his  "Infection  and 
Resistance"  and  in  von  Pirquet's  articles  on  "Allergy." 
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B.    The  Body  Temperature 

Measurements  of  the  body  temperature  form  an  important  part  of 
every  clinical  study. 


L    Heat  Regulation 


In  warm-blooded  animals  (homoiothermic) ,  a  tolerably  constant  temperature 
is  maintained  within  the  body,  despite  the  temperature  of  its  surroundings;  in  the 
cold-blooded  animals  (poikilothermic)  y  the  temperature  of  the  body  changes  with 
that  of  its  surroundings.  In  man,  the  temperature  normally  remains  fairly  con- 
stant, varying  not  more  than  1^  to  1.5^  F.  in  the  24  hours. 

Animal  heat  arises  from  the  combustion  going  on  in  the.  body  (oxidation  of 
proteins,  fats  and  carbohydrates  by  the  inhaled  oxygen).  A  human  being  of  aver- 
age weight  and  at  rest  uses  up  in  twenty-four  hours  about  2400  calories;  of  these 
about  80  per  cent  are  g^ven  off  in  radiation,  conduction  and  evaporation  of  water 
from  the  skin,  about  12  per  cent  by  evaporation  from  the  lungs,  while  about 
8  per  cent  are  used  up  in  warming  the  food  intake  and  the  inspired  air.  Oxida- 
tive  processes  in  all  the  organs  give  rise  to  heat,  but  the  largest  amounts  of  heat 
are  produced  in  the  muscles,  and  in  the  glandular  tissues  generally,  especiaUy  in 
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the  liver.  The  self-regulatory  mechanisms  are  partly  physical,  partly  chemical, 
in  nature.  In  man,  physical  reg^ulation  predominates.  Among  the  physical  meth- 
ods of  regulation  are  included : 

(1)  Artificial  regulation,  by  means  of  clothing  and  housing. 

(2)  Natural  regulation,  (a)  Through  circulatory  changes  (anemia  or  hyperemia 
oftheddn).  (b)  Evaporation  of  water  from  the  skin  and  lungs.  The  chemical 
f^gnlation  occurs  through  increase  or  decrease  of  the  oxidative  processes  going  on 
in  the  body.  These  have  to  do  with  heat  production  in  contrast  with  the  physical 
Rgoktion,  which  has  to  do  with  heat  dissipation.  Many  factors  influence  heat 
production;  among  the  more  important  are  (1)  bodily  exercise,  (2)  food  intake, 
(3)  influences  acting  upon  catabolism,  especially  certain  internal  secretions  {e.g., 
^Jitnd)  and  ferments,  especially  the  oxidases. 

The  automatic  self-regulation  is  often  disturbed  in  disease  so  that  the 
organism  is  no  longer  able  to  maintain  the  normal  temperature.    Owing 
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to  a  disproportion  between  heat  formation  and  heat  dissipation  the  tem- 
perature may  become  higher  than  normal  (fever,  or  pyrexia)  y  or  lower 
than  normal  (subnormal  temperature). 

Fever  is  usually  due  to  increased  heat  production  rather  than  to 
lessened  heat  loss,  especially  in  the  infectious  diseases.  During  a  chill, 
there  is  rapid  increase  in  temperature  owing  to  the  muscular  contractions 
during  the  rigor.  Heat  loss  is  somewhat  diminished  as  a  rule  while  the 
temperature  is  rising,  though  when  the  temperature  reaches  higher  levels 
the  loss  of  heat  is  usually  increased.  During  the  sweat  following  a  chill, 
heat  dissipation  may  be  greatly  increased  (from  cutaneous  hyperemia  and 
evaporation  of  water).  Every  gram  of  water  evaporated  from  the  skin 
withdraws  from  the  body  about  0.6  calories  or  about  1/7  of  the  heat  that 
arises  from  the  combustion  of  1  gram  of  protein,  or  of  carbohydrate,  in  the 
body.  A  loss  of  4  liters  of  sweat  could  withdraw  2400  calories,  or  an 
amount  equal  to  the  daily  loss  of  an  individual  at  rest. 

In  heat  regulation,  a  number  of  centrifugal  nerves,  going  to  the  muscles,  blood 
vessels,  sweat  glands  and  respiratory  organs  are  concerned.  These  nerves  appear 
to  stand  under  the  dominion  of  a  nerve  center  for  heat  regulation.  The  location  of 
this  center  has  not  been  definitely  determined.  Puncture  of  the  corpus  stnatom 
causes  increase  of  temperature  through  increased  heat  production,  owing  chiefly  to 
increased  carbohydrate  combustion  (0.  Scholtze).  Fasting  animals,  and  glycogen- 
free  animals,  react  very  little  to  such  a  puncture. 

It  seems  probable  that  the  mechanism  of  heat  regulation  is  acted  upon  by  sub- 
stances like  peptones,  bacterial  proteins,  toxins,  and  certain  salts.  Large  amounts 
of  these  substances  cause  a  rapid  fall  in  temperature,  smaller  ones  a  rise  in  tem- 
perature.   Substances  that  increase  temperature  are  said  to  be  pyrogenic. 

Increased  loss  of  heat  may  be  due  to  reflex  influences  that  act  by  increasing  the 
respiration  or  through  the  vasodilators;  and,  again,  reflex  influences  may  cause 
fever  through  vasoconstriction,  though  the  fevers  usually  designated  as  reflex  (gall- 
stone fever;  urethral  fever)  are  probably  not  reflex,  but  due  to  the  setting  free  of 
pyrogenic  substances  in  local  infectious  processes. 


2.  Measurement  of  the  Body  Temperature  (Thermometry) 

For  this  purpose  a  clinical  thermometer,  exactly  tested,  is  used.  In  this 
country,  and  in  England,  the  Fahrenheit  scale  is  employed,  while  on  the 
Continent^  the  Centigrade  scale  is  in  use.  Quick-registering,  maximal 
thermometers  are  now  universally  employed. 

The  temperature  may  be  taken  by  mouth  f under  the  tongue),  in  the 
axilla^  or  hy  rectum.  In  this  last,  the  temperature  is  0.5°  to  1°  C. 
higher.  For  exact  measurement,  rectal  temperatures  are  the  more  satis- 
factory, and  they  should  always  be  used  for  taking  the  temperature  in 
children,  in  very  old  people,  or  in  adults  with  disturbed  mentality. 

In  ordinary  clinical  work  the  temperature  is  taken  at  least  twice  a  day, 
but,  when  the  temperature  is  varying  much,  it  may  be  desirable  to  measure 
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it  more  frequently  (every  2,  4,  or  6  hours).  The  results  are  recorded  on 
a  temperature  chart,  in  the  form  of  a  continuous  curve.  Such  continuous 
curves,  with  accompanying  pulse  curves  and  respiration  curves,  as  charted 
by  a  trained  nurse,  are  very  helpful  for  quick  orientation  in  clinical 
studies. 

For  converting  the  scale  of  one  thermometer  into  that  of  another,  the 
following  formula)  are  used  : 

F  =  Fahrenheit. 
C  =  Centigrade. 
R  =  Reaumur. 

To  convert  Fahrenheit  to  Centigrade         ^    —o^)  _  q 

To       "       Centigrade  to  Fahrenheit     -  C+32   =F 

5 

To       "       Fahrenheit  to  Reaumur        ^  (F-32)  ^  ^ 

To       "       Reaumur  to  Fahrenheit  Hfl+32=F 

4 

Thus 

96°  F.  =  35.5°  C.  99°  F.  =  37.2°  C.  103°  F.  =  39.5°  C. 

97"  F.  =  36.1°  C.  100°  F.  =  37.8°  C.  104°  F.  =  40°  C. 

98°  F.  =  36.6°  C.  101°  F.  =  38.3°  C.  105°  F.  =  40.5°  C. 

98.6°  F.  =  37°  C.  102°  F.  =  38.9°  C.  106°  F.  =  41.1°  0. 

For  the  conversion  of  degrees  Fahrenheit  to  degrees  Centigrade,  I  have 
found  the  following  diagonal  line  on  millimeter  paper  very  convenient. 
Theordinates  represent  °C.,  the  abscissas  °F.  I  am  indebted  to  our  physi- 
cist, Professor  Joseph  S.  Ames,  for  calling  my  attention  to  this  simple 
plan.    (See  next  page.) 
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3.    Normal  Temperature  of  the  Human  Body 

The  normal  rectal  temperature  of  the  human  body  varies  between  98.- 
5'-98.9°  F.,  the  axillary  temperature  between  97.6°-98.3°  F.  Plethoric 
individuals  show  a  little  higher  temperature ;  delicate,  anemic  individuals 
a  little  lower. 

During  the  24  hours  the  normal  temperature  varies  sliglitly,  in  the 
form  of  a  curve  which  is  higher  in  the  evening  than  in  the  morning,  after 
eating  than  when  fasting,  and  after  exercise  than  when  resting;  the  tem- 
perature rises  also  after  a  hot  bath.     The  minimal  temperature  of  the  24 
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hours  is  observed  between  2  a.  m.  and  6  a.  m.,  the  maximal  temperature 
between  5  p.  m.  and  8  p.  m.  When  patients  lie  in  bed  the  whole  24  hours, 
the  daily  variations  are  much  less  than  when  they  are  up  and  about. 

The  temperature  of  sucklings  and  of  young  children  is  normally  a  litde 
higher  than  that  of  adults. 

4.    Fever 

Fever  is  the  name  given  to  pathological  elevations  of  the  body  tempera- 
ture. 

(a)    Febrile  Temperatures 

The  following  fever  scale  shows,  at  a  glance,  the  terms  ordinarily  in  use 
to  designate  the  different  deviations  from  normal  temperature: 

Name.  Fahrenheit,  Centigrade. 

Subnormal  temperature 

(collapse)    Below    96.8°  Below  36.0° 

Subfebrile  temperature        "       99.5°-100.4°  "     37.5°-38° 

Slight  fever  "  100.4°-101.2°  "      38°    -38.4^ 

Moderate  fever   "  101.2°-103.2°  "      38.4°-39.5° 

Rather  high  fever "  103.2°-105°  "      39.5°-40.5** 

Very  high  fever Above  105°  Above  40.5° 

Hyperpyrexia "  107°  "     41.6° 
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In  rare  cases,  temperatures  have  been  recorded  as  high  as  113°  F.,  or 
even  as  high  as  122°  F.  (English  Commission). 

The  lowest  temperatures  observed  in  human  beings  have  been  in  cases 
of  brain  tumor,  especially  of  tumors  of  the  fourth  ventricle,  73.4°  F. 
(Lemcke),  86°-89.6°  F.  (Reinhold). 

The  daily  variations  in  the  temperature  curve  are  more  outspoken  in 
febrile  patients  than  in  healthy  individuals.  The  temperature  often  falls 
markedly  in  the  early  morning  hours  (morning  remission) ,  to  rise  consid- 
erably in  the  later  part  of  the  day  (evening  exacerbation).  Occasionally, 
an  opposite  behavior  is  met  with,  the  temperature  being  higher  in  the 
morning  than  in  the  evening  (inverted  type). 

With  the  sudden  onset  of  high  temperature  in  infectious  disease,  the 
patients  often  suffer  from  chilly  sensations,  or  have  an  outspoken  rigor  or 
chilL  This  is  especially  often  met  with  in  malaria,  in  sepsis,  in  endocar- 
ditis, and  in  the  beginning  of  lobar  pneumonia.  The  patients  complain 
bitterly  of  cold,  their  teeth  chatter,  and  the  whole  body  may  shake.  The 
skin  is  pale  and  cool  (vasoconstriction).  After  the  chill,  there  may  be 
mark^  cutaneous  hyperemia  with  sweating,  especially  if  the  temperature 
fall  rapidly. 

(6)    Different  Types  of  Fever 

An  analysis  of  various  fever  curves  permits  of  a  subdivision  into  several 
types,  according  to  the  variations  shown.  The  more  important  of  these 
are  the  following: 

L    Continaed  Fever  (Febris  oontiniia) 

Here  the  curve  is  fairly  level,  the  daily  variations  being  slight,  not 
greater  than  1  °  C.  Such  a  continued  fever  is  seen  especially  in  the  second 
stage  of  typhoid  fever,  in  most  of  the  acute  exanthemata,  in  croupous 
pneumonia,  in  tuberculosis,  etc. 

iL    Remittent  Fever  (Febris  remittens) 

Here  there  are  marked  daily  variations,  greater  than  1°  C,  a  fall  in 
temperature  occurring  usually  in  the  morning  hours,  though  even  then  the 
temperature  does  not  reach  normal.  Such  a  remittent  fever  is  seen  in  the 
third  stage  of  typhoid  fever  (amphibolous  period),  in  acute  articular  rheu- 
matism, in  various  septic  diseases,  in  pulmonary  tuberculosis  (hectic  fever 
with  night  sweats). 

iiL    Intermittent  Fever  (Febris  intermittens) 

Here  the  minimal  temperature  in  the  24  hours  may  be  normal  or  sub- 
normal, while  the  maximal  temperature  may  be  very  high.    Brief  periods 
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of  fever  (febrile  paroxysms)  alternate  with  brief  afebrile  intervals  (apy- 
rexia).  Such  an  intermittent  fever  is  met  with  especially  in  malaria  of  dif- 
ferent types  (quotidian,  tertian,  quartan),  in  sepsis,  in  miliary  tuberculosis, 
etc 

iv.    Recurrent  Fever  (Febris  recurrens) 

Here  several  days  of  fever  are  followed  by  several  days  of  apyrexia. 
Such  a  recurring  fever  is  characteristic  of  the  relapsing  fever  due  to  the 
Spirochaeta  obermeieri.  It  is  sometimes  met  with  in  Malta  fever,  and  in 
some  cases  of  Hodgkin's  disease  (recurring  fever  of  Pel). 

(c)    Stages  of  the  Febrile  Course 

A  single  fever  curve  is  divisible  into  three  parts : 

!•  Stage  of  rising  temperature  (stadium  incrementi),  with  or  with- 
out chill. 

2.  The  height  of  the  fever  (fastigium  or  acme). 

3.  Stage  of  falling  temperature  (stadium  decrementi  or  deferves- 
cence). The  temperature  may  fall  suddenly  (crisis),  often  accompanied 
by  sweating,  as  in  lobar  pneumonia;  or  slowly  (lysis),  the  temperature  be- 
coming markedly  remittent  or  intermittent  and  taking  several  days  to  be- 
come normal,  as  at  the  end  of  typhoid  fever. 

When  the  temperature  falls  quickly,  but  is  followed  by  a  slight  single 
elevation,  we  speak  of  a  protracted  crisis.  AVhen  the  temperature  rises 
unusually  high,  just  before  the  crisis,  we  speak  of  a  ^'critical  perturbation/' 
In  typhoid  fever,  between  the  fastigium  and  the  stadium  decrementi,  there 
is  often  a  period  of  markedly  remittent  temperature  known  as  the  period 
of  steep  curves,  or  so-called  amphibolous  stage. 
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G.    Clinical  Applications  of  Bacteriological 

Methods 

For  purposes  of  clinical  diagnosis  in  the  infections  diseases,  an  ac- 
quaintance with  bacteriological  methods  is  essential.  Every  medical  stu- 
dent is  nowadays  trained  in  the  study  and  isolation  of  the  pathogenic  forms 
of  bacteria.  The  methods  of  bacteriology  are  fully  described  in  the  special 
text-books  on  the  subject.  Here  only  a  few  of  the  methods  particularly 
applicable  in  clinical  work  are  given.  For  other  methods  the  student  may 
consult  the  treatises  of  V.  A.  Moore,  Hiss  and  Zinsser,  E.  O.  Jordan,  Kolle 
and  Wassermann,  Kraus  and  Levaditi,  Brugsch  and  Schittenhelm,  Park 
and  Williams,  E.  R.  Stitt,  and  others. 

References 

Renon  (i4.).     Technique  microbioloQique  et  airoihSrapie  (microbes  paihogSnee  de  Vhomme 

et  des  animaux).  Guide  du  midecin  et  du  v^lfyrtnaire  pour  les  iravaux  du 
laboralaire.  3d  id.  Paris,  1904,  J,  B.  Baillihre  &  fils.  847  p.  8^. 
Also:  5th  ed.,  1911. 

Friedberger  {E.)  &  Reiter  (U.)*    ^^  cdlgemeinen  Meihoden  der  Bakteriolooie.    In:  Handb. 

d.  pathogen,  Afikrodrg,  (Kolle  <fc  Wassermann).  2.  Aufl.  Jena,  1912,  i, 
293-654. 

Em  (F.  H,)  &  Zinsser  (H.).    A  text-book  of  bacteriology.     New  York  &  London,  1910, 

D.  Appleton  &  Co.    745  p.    8°. 

Jordan  (E.  O.)*    A  text-book  of  general  bacteriology.    4lh  ed.    Philadelphia  &  London, 

1914,  W.  B.  Saunders  Co.    643  p.    ^. 

Koch  (R.).     Untersuchungen  Hber  Bacterien.     Verfahren  zwr   Untersuchung,  zum  Conser- 

viren  una  Photographiren  der  Bacterien,  Beitr.  z.  Biol.  d.  Pflanz.,  Breslau, 
1877,  a,  399-434- 

Kolle  (W.)  &  Wassermann  (A.).     Handbuch  der  pathogenen  Mikrodrganismen.    2d  ed. 

Jena,  1912-1913,  G.  Fischer.     8v.    4^ 

Krause  (P,),     Klinische  Bakteriologie.    In:  Lehrh.  d.  klin.  Diagnostik  (P.  Krause).    2d 

ed.    Jena,  1913,778-837. 

MaUory  (F.  B.)  &  Wright  (/•  H.)      Pathological  Technique.    5th  ed.     Philadelphia  & 

London,  1911. 

Muir  (Ji.)  ik  Ritchie  (/.).    Manual  of  bacteriology.    6th  ed.    London,  1913,  H.  Frowde, 

etc.    760  p.    6  pi.    8^. 

Park  (W.  H.)  &  Williams  (A.  W.).     Pathogenic  microdrganisms.    5th  ed.     New  York  A 

Philadelphia,  1914,  Lea  &  Febiger.    709  p.    8"*. 

Stitt  (E.  jB.)     Practical  bacteriology,  blood  work  and  animal  parasitology,  etc.    3d  ed. 

Philadelphia,  1913,  P.  BlaHston's  Son  &  Co.    423  p.    4  pi.    8^. 

Weigert  (C).      Ueber  eine  Mykose  bei  einem  neugeborenen   Kinde.    Jahresb.  d.  schles. 

Gesellsch.  f.  vaterl.  Kult.,  Breslau,  1876,  liii,  229, 

L    Collection  of  Material  for  Bacteriological 

Examination 

Great  care  must  be  taken  in  collecting  material  to  avoid  contamination  with 
extraneous  bacteria. 

Secretions. — Secretions  from  the  oral,  nasal  and  pharyngeal  cavities  and  from 
tiie  urethra,  vagina  or  cervix  are  best  collected  by  means  of  a  sterile  platinuni  loop. 
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If  possible,  smears  and  cultures  should  be  made  umnediately,  as  the  materials  often 
dry  in  transport,  in  which  case  certain  microorganisms  (e.  g.,  gonococci,  meningo- 
cocci) die  out  When  the  physician  cannot  make  the  examinations  himself,  he  may 
secure  the  material  by  means  of  a  sterile  swab,  and  inclose  it  in  a  sterile  test  tube, 
such  as  is  now  provided  by  the  Health  Department  of  every  town. 

Sputum. — This,  as  ordinarily  collected,  is  worthless  for  bacteriologfical  exami- 
nation. According  to  Luetscher,  sputum  is  best  collected  by  placing  a  sterile  Petri 
dish  beside  the  patient  and  explaining  to  him  that  what  is  wanted  is  not  saliva  nor 
ordinary  pharyngeal  hawkings,  but  the  sputum  which  can  be  felt  to  come  from  the 
bronchi.  It  is  best  to  secure  that  coughed  up  in  the  morning  from  the  depth  of 
the  bronchi.  It  is  desirable  that  this  should  be  worked  up  as  quickly  as  possible. 
If  sputum,  so  collected,  be  washed  thoroughly  by  the  bacteriologist  in  several  Petri 
dishes  of  sterile  salt  solution,  the  pathogenic  agents  can  usually  be  obtained,  in 
almost  pure  culture,  from  the  interior  of  the  washed  mass. 

Feces  should  be  collected  directly,  in  a  large  sterile  glass  vessel.  For  amebffi, 
the  mucus  obtained  in  the  eye  of  a  rectal  tube  may  be  examined. 

Urine. — This  should  be  drawn  by  sterile  catheter  after  thorough  cleansing  of 
the  meatus  and  glans.  The  centrif ugate  may  be  examined  microscopically,  by  cul- 
tural methods,  or  by  animal  inoculation. 

Exudates,  Transudates,  Pus  and  Cerebrospinal  Fluid. — These  are  best  col- 
lected with  the  aid  of  a  sterile  aspirating  syringe. 

Blood. — If  only  small  amounts  are  required  (search  for  malarial  parasites, 
Widal  test,  opsonic  index,  etc.),  the  blood  can  be  obtained  from  the  lobule  of  the 
ear,  or  the  tip  of  the  finger,  after  carefully  cleansing  with  alcohol  and  ether  and 
drying.  (See  Examination  of  Blood.)  If  larger  amounts  are  needed  (blood  cul- 
ture; Wassermann  test;  other  complement  fixation  tests),  20-100  c.c.  of  blood  can 
easily  be  withdrawn  from  a  vein  at  the  bend  of  the  elbow  by  means  of  a  suitable 
syringe  (Luers;  Record).  A  ligature  is  placed  around  the  upper  arm  and  made 
tight  enough  to  obstruct  the  venous  flow  without  obliterating  the  radial  pulse. 
Aseptic  precautions ! 

C.  E.  Simon's  Method. — ^When  it  is  not  feasible  to  secure  blood  as  above,  a 
suf&cient  quantity  of  blood  for  the  Wassermann  test  (0.5-1.5  c.c.)  can  be  secured  by 
freely  puncturing  the  lobule  of  the  ear  at  its  margin  and  then  ''milking:''  the  ear 
into  a  Httle  glass  tube,  measuring  about  5  cm.  in  length  with  a  diameter  of  5-6  mm., 
the  individual  drops  being  scooped  up  with  the  edge  of  the  tube. 

K.  D.  Blackfan's  Apparatus  for  Collecting  Infants^  Blood  for  the  Wassermann 
Reaction. — The  methods  usually  employed  for  obtaining  blood  from  infants  are  in 
the  majority  of  instances  extremely  unsatisfactory.  The  veins  ar6  too  small  to 
enter  and  it  is  a  tedious,  difficult  and  painful  procedure  to  collect  the  necessary 
amount  of  blood  by  puncturing  the  fingers  or  toes. 

The  apparatus  herein  described  is  a  simple,  inexpensive  device  by  which  the 
necessary  amount  of  blood  can  be  obtained  easily,  with  a  minimum  of  discomfort 
to  the  patient  and  in  a  comparatively  short  space  of  time.  The  time  spent  in  col- 
lecting the  blood  averages  about  2  minutes. 

The  apparatus,  as  shown  in  Fig.  50,  consists  of  a  glass  cylinder  (A)  If  inches 
in  diameter;  the  large  end  is  ground  smooth  and  the  other  end  (B)  is  drawn  out 
for  the  attachment  of  a  small  hand  suction  pump  (C) ;  an  outlet  (D),  which  is  fused 
at  an  angle  to  the  under  surface  of  the  cylinder,  %  inch  from  the  large  end,  and  a 
collecting  tube  (E).  The  collecting  tube  (E)  fits  over  the  outlet  (D),  the  connec- 
tion being  made  air-tight  by  means  of  a  small  piece  of  rubber  tubing.  The  tube  in 
which  the  blood  is  collected  may  be  the  size  which  is  used  in  the  laboratory  test, 
obviating  the  necessity  of  transferring  the  blood  to  another  tube. 

Technic  vnth  Blackfan's  Apparatus. — The  technic  is  as  follows:  Connect  the 
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apparatus  for  use.  The  patient  may  be  placed  in  either  the  upright  or  recumbent 
poeture.  The  most  convenient  site  is  on  the  back  just  below  the  angle  of  the  scap- 
ula, though  any  other  surface  of  the  body  may  be  used.  Having  cleansed  the  area 
with  alcohol  and  ether,  one  or  two  small  punctures  are  made  through  the  skin  with  a 
sharp-pointed  scalpel  or  Hagedom  needle  and  the  apparatus  is  quickly  applied. 
With  but  little  suction-force  the  blood  will  flow  from  the  wound  through  the  outlet 
and  into  the  collecting  tube.  After  a  sufficient  amount  has  been  collected,  the  tube 
is  taken  off,  a  cotton  plug  is  inserted  and  the  tube  containing  the  blood  is  set  aside 
until  the  examination  is  laade.  The  wound  is  covered  with  a  collodion  dressing 
and  the  resulting  swelling  rapidly  subsides  with  no  discomfort  to  the  patient. 


f\g.  50i— Suction  Apparatus  for  Collecting  Blood  for  the  Wassermann  Reaction,  (A)  Suction 
Glass  Connecting  at  (B)  with  Suction  Pump  (C)  ;  the  Blood  Flows  Through  (D)  Con- 
nected by  Rubber  Stopper  with  an  Ordinary  Test  Tube  (E).    CAfter  K.  D.  Biackfan.) 

Blood  may  be  collected  by  this  method  from  the  older  children  and  adults,  as 
well  as  infants,  in  a  much  diorter  time  and  with  less  difficulty  than  by  entering 
a  vein. 

The  glass  apparatus  can  be  made  in  the  laboratory  or  by  a  glass  blower  and  the 
Buetion  pump  can  be  obtained  through  any  surgical  supply  house. 

With  sufiScient  care,  blood  so  obtained  may  be  used  also  for  blood-cultures  from 
infants'  blood,  though  there  will  often  be  contaminations  by  skin  cocci. 

Of  course,  blood  obtained  in  this  way  should  never  be  used  for  a  blood  count, 
hemoglobin  estimations  or  for  physical  and  chemical  determinations,  as  the  result 
would  be  of  no  value.    For  serological  tests,  however,  this  method  is  very  valuable. 


2. 


of  Bacteria  Often  Found 


In  Nasal  Secretion. — Staphylococci ;  diphtheria  bacilli ;  lepra  bacilli ; 
meningococci ;  encapsulated  bacilli  in  ozena  and  in  rhinoscleroma. 

In  Conjnnctiyal  Secretion. — Gonococci ;  influenza  bacilli ;  diphtheria 
tacilli ;  xerosis  bacilli ;  pneumococci  (serpigifious  ulcer). 
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In  Pus. — ^Pyogenic  cocci ;  colon  bacilli ;  bacillus  pyocyaneus ;  tubercle 
bacilli. 

In  Pharyngeal  Exudate. — Diphtheria  bacilli;  streptococci;  fusiform 
bacilli;  a  spirillum  (Plaut-Vincent's  angina);  meningococci;  pneiuno- 
cocci;  influenza  bacilli.    . 

In  Sputum. — Tubercle  bacilli ;  pneumococci ;  influenza  bacilli ;  strepto- 
cocci ;  staphylococci ;  actinomyces ;  glanders  bacilli ;  anthrax  bacilli ;  plague 
bacilli. 

In  Feces. — B.  typhosus;  B.  paratyphosus;  B.  dysenterise;  B.  coli; 
cholera  vibrios;  dysenteric  ameba:;;  tubercle  bacilli,  etc. 

In  Urethral  and  Other  Oenital  Secretions,  and  in  the  Urine. — Gono- 
cocci ;  tubercle  bacilli ;  typhoid  bacilli ;  streptococci ;  staphylococci ;  colon 
bacilli ;  smegma  bacilli. 

In  Pleural  Tappings. — Pneumococci ;  streptococci ;  tubercle  bacilli. 

In  Peritoneal  Tappings. — Colon  bacilli ;  typhoid  bacilli ;  streptococci ; 
gonococci ;  tubercle  bacilli. 

In  Cerebrospinal  Fluid. — Meningococci;  tubercle  bacilli;  pneumo- 
cocci ;  influenza  bacilli ;  trypanosomes. 

In  Blood. — Typhoid  bacilli;  paratyphoid  bacilli;  streptococcus  vir- 
idans ;  streptococcus  hemolyticus ;  other  streptococci ;  staphylococcus ;  pneu- 
mococcus ;  anthrax  bacilli ;  plague  bacilli ;  bacilli  typhi-exanthematici,  etc 

3.    Microscopic  Examinations  for  Bacteria 

(a)    Examination  of  Dried,  Fixed,  and  Stained  Smears 

This  is  the  most  useful  method  for  quick  clinical  orientation. 

The  Smear. — A  minute  amount  of  the  material  is  evenly  spread  on  a  clean 
cover  glass  or  slide,  in  a  very  thin  layer,  by  means  of  a  platinum  loop  or  the  end 
of  a  clean  match. 

Air-Drying. — The  preparation  is  allowed  to  dry  completely  in  the  air;  the  proc- 
ess may  be  hastened  by  holding  the  smear,  with  the  film  side  up,  a  few  inches  from 
a  very  low  gas  flame,  avoiding,  however,  any  temperature  that  could  coagulate  pro- 
tein, since  the  fixation  should  not  be  made  until  the  air-drying  is  complete. 

Fixing. — For  fixing,  the  smear  is  passed  three  times  directly  through  the  flame, 
with  the  film  side  up.  This  coagulates  the  protein,  making  it  insoluble.  Care  must 
be  taken  to  avoid  over-heating.  A  still  better  fixation,  desirable  when  one  wishes 
to  study  the  finer  details  of  malarial  parasites  in  blood  preparations,  or  to  under- 
take differential  staining  or  polar  staining  in  diphtheria  bacilli  or  plague  bacilli, 
can  be  obtained  by  immersing  the  smear  for  15  to  20  minutes  in  absolute  alcohol, 
in  a  mixture  of  alcohol  and  ether,  or,  best  of  all,  for  3  to  5  minutes  in  absolute 
methyl  alcohol,  instead  of  passing  through  the  flame. 

Staining. — ^This  is  done  by  one  of  the  methods  described  below,  and  the  smear 
is  then  washed  in  water,  under  the  tap,  inclining  the  smear  slightly,  beneath  a 
delicate  stream,  so  as  to  protect  the  film  as  much  as  possible.  If  preferred,  a 
chemical  wash  bottle  may  be  used.  If  there  be  any  doubt  as  to  the  film  side  of  the 
preparation,  it  can  usually  be  detected  by  scratching  the  surface  with  a  pin. 
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The  smear  is  next  dtied  between  folds  of  filter  paper,  several  layers  thick,  the 
paper  being  pressed  directly  upon  the  smeat  and  stroked  gently  until  dry.  The 
drying  can  be  completed  by  holding  the  smear/ film  side  up,  high  above  a  small 
flame. 

The  smear  is  now  ready  for  microscopic  examination  with  the  oil  immersion 
lens.  If  the  smear  has  been  made  upon  a  slide,  a  drop  of  cedar  oil  is  placed  di- 
rectly upon  it,  and  the  immersion  lens  run  into  it  (open  diaphragm) ;  or  a  drop  of 
neutral  Canada  balsam  and  a  cover  glass  may  be  applieO,  pressed  down  gently  so 
as  fo  form  a  thin  layer,  after  which  a  drop  of  cedar  oil  is  placed  on  the  surface  of 
the  cover  slip  before  examination  with  the  immersion.  If  the  smear  has  been  made 
upon  a  cover  slip,  this  is  mounted  in  a  thin  film  of  neutral  Canada  balsam,  on  a 
clean  stide,  and  examined  in  the  same  way. 

(b)    Examination  of  Unstained  Fresh  Preparations 

The  infections  agent  can  often  be  seen  in  unstained  fresh  preparations 
of  the  material  collected. 

Thus,  if  malaria  be  suspected,  a  drop  of  blood  taken  from  the  ear,  on  an 
absolutely  clean  cover  glass,  may  be  placed  upon  an  absolutely  clean  slide, 
when  the  drop  will  flatten  out  into  a  layer  one  corpuscle  thick.  (See  Exam- 
ination of  Blood.)  A  drop  of  cedar  oil  is  applied,  and  the  examination 
made  immediately  with  an  oil  immersion  lens  (medium  or  small  dia- 
phram).  The  pigment  of  the  parasite  may  first  catch  the  eye  when  the  gen- 
eration is  near  maturity.  Young  parasites  are  difficult  to  recognize  at  first, 
though  with  a  closed  diaphragm  they  may  be  recognized,  especially  the 
forms  that  show  ameboid  movements.  Such  an  examination  should 
always  be  supplemented  by  the  study  of  a  fixed  smear,  stained  by  Wilson's 
or  Giemsa's  method. 

In  pus  from  subcutaneous  abscesses,  if  blastomyces  (oidiomycosis)  be 
suspected,  the  doubly  contoured  parasites  are  easily  recognizable  in  the 
fresh  slide. 

If  amebic  dysentery  be  suspected,  a  particle  of  mucus  from  the  stool 
can  he  examined  fresh  beneath  the  cover  slip,  on  a  warm  slide  and  warm 
stage.  The  typical  subdivision  into  ectosarc  and  endosarc,  the  active  ame- 
boid movement,  and  the  phagocyted  red  corpuscles  are  characteristic. 

(c)    Examination  in  Hanging  Drop 

This  Lb  rarely  used  for  the  direct  examination  of  material  collected  from  the 
patient,  but  is  very  helpful  for  the  study  of  particles  of  living  cultures  derived  from 
such  material. 

The  shde  about  the  edge  of  the  cavity  in  a  hollow  slide  is  surrounded  with 
vaseline.  With  a  sterile  oese,  a  small  drop  of  the  culture  is  placed  in  the  middle  of 
a  clean  cover  slip,  lying  on  a  piece  of  white  paper,  or  a  small  drop  of  salt  solution 
or  sterile  bouillon  can  be  placed  upon  the  cover  slip  and  inoculated  with  a  minute 
particle  of  solid  material  containing  the  bacteria,  with  a  sterile  platinum  needle. 
The  glass  slide,  with  the  cavity  downward,  is  now  laid  upon  the  cover  slip  so  that 
the  drop  comes  directly  in  the  middle  of  the  cavity;  it  is  then  pressed  gently  into 
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the  vaseline.    The  slide  is  next  carefully  turned  over  so  that  the  cover  glass  is 
above,  and  the  drop  hangs  from  its  under  surface  into  the  cavity. 

The  slide  is  now  placed  under  the  microscope.  With  the  low  power  and  closed 
diaphragm,  the  edge  of  the  drop  is  first  sought  and  brought  exactly  into  the  middle 
of  the  field.  A  drop  of  cedar  oil  is  next  applied  to  the  cover  slip,  the  diaphragm 
opened  about  1/3,  and  the  oil  immersion  fixed  upon  the  edge  of  the  drop.  This 
found,  the  slide  may  be  cautiously  moved,  as  the  bacteria  in  the  hanging  drop  are 
sought  for  and  studied.    The  method  is  especially  useful  in  studying  motility. 


4.    Methods  of  Staining  Bacteria  and  Parasites 

The  ordinary  stains  of  the  bacteriological  laboratory  are  employed.  The 
basic  dyes,  like  methylene  blue,  gentian  violet,  and  fuchsin,  stain  bacteria 
and  cell  nuclei  intensively.  Sometimes  a  contrast  stain  with  an  acid  dye, 
like  eosin,  is  also  used. 

The  dyes  are  kept  in  2  per  cent  aqueous  solution,  or,  better,  in  5  per 
cent  alcoholic  solution,  to  be  diluted  just  before  use  with  4  to  10  parts  of 
water. 

(a)    General  Stains 

L    Alkaline  Methylene  Blue  (Loeffler) 

The  stain  consists  of  30  ccm.  of  a  saturated  alcoholic  solution  of  methylene 
blue  with  100  c.c.  0.01  per  cent  KOH. 

iL    Carbol-Fuchsin  (Ziehl-Neeben) 

The  stain  consists  of  1.0  gram  fuchsin,  5.0  acid  carbol  liq.,  10.0  alcohol,  100.0 
aqua  distillata.  The  solution  keeps  well.  If  diluted  10  times  it  stcdns  all  ordinary 
bacteria  in  a  few  seconds.  To  stain  tubercle  bacilli  it  is  appUed  in  an  especial 
way  {vide  infra). 

in.    Anilin  Water  Gentian  Violet  (EhrBch) 

Five  c.c.  anilin  oil  are  thoroughly  shaken  with  100  c.c.  distilled  water,  and 
filtered  through  a  moist  filter.  In  the  filtrate,  4  grams  of  gentian  violet  are  dissolved. 
The  solution  is  to  be  filtered  again,  just  before  use.  The  stain  does  not  keep  well, 
spoiling  in  two  or  three  weeks.  Instead  of  adding  the  crystals  of  gentian  violet, 
11  c.c.  of  a  saturated  alcoholic  solution  of  gentian  violet  may  be  used. 

iv.    Wilson's  and  Giemsa's  Stain  (Methylene  Azure  and  Eosin) 

(See  Staining  of  Blood  Smears.) 

These  stains  are  especially  useful  for  demonstrating  malarial  parasites,  spiro- 
chastes,  and  trypanosomes. 

(6)    Special  Stains 

u    Gram's  Stain 

The  method  consists  in  staining  the  bacteria  with  gentian  violet,  and  treating 
the  smear  with  LugoPs  solution,  through  which  a  union  of  iodin  with  the  stain 
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oeears,  after  which  the  smear  is  washed  in  alcohol.  Certain  bacteria  retain  the 
stain  and  are  called  Gram-positive;  others  decolorize  and  are  said  to  be  Gram- 
negative. 

Technic. — ^1.  Stain  with  warm  anilin  gentian  violet  for  two  minutes. 

2.  Place  in  LogoFs  solution  (iodin  1,  KI  2,  distilled  water  300)  for  from  } 
to  2  minutes.    The  specimen  turns  black. 

3.  Wash  in  absolute  alcohol  until  the  color  just  ceases  to  be  visible  to  the  naked 
eye. 

4.  Counterstain  with  2  per  cent  aqueous  solution  of  Bismarck  brown. 

5.  Wash  in  water,  dry,  and  mount. 

The  Gram-positive  bacilli  will  be  stained  violet;  the  Gram-negative 
bacilli  will  be  stained  brown. 

Oram-positive  Bacteria. — (1)  Nearly  all  cocci  (staphylo,  strepto, 
pneumo)  except  gonococci  and  meningococci;  (2)  diphtheria  bacilli;  (3) 
anthrax  bacilli ;  (4)  tetanus  bacilli;  (5)  tubercle  bacilli;  (6)  lepra  bacilli, 
etc 

Gram-negative  Bacteria. — (1)  Gonococcus;  (2)  meningococcus;  (3) 
micrococcus  catarrhalis;  (4)  typhoid  bacillus,  and  paratyphoid  bacillus; 
(5)  influenza  bacillus ;  (6)  B.  coli;  (7)  B.  pyocyaneus;  (8)  B.  mallei;  (9) 
B.  pestis;  (10)  cholera  vibrio;  (11)  B.  dysenteric;  (12)  t'riedlander's 
bacillus;  (13)  whooping-cough  bacillus  (Bordet) ;  (14)  bacillus  of  soft 
chancre,  etc. 

iL    Stains  for  Tubercle  BacflK,  and  Other  Add-Fast  BadDi 

These  bacilli  stain  with  difficulty,  probably  on  account  of  the  waxlike 
substance  they  contain.  Once  stained,  unlike  other  bacteria,  they  hold  the 
stain  tenaciously,  even  in  the  presence  of  acid ;  they  are  ''acid-fast/*  If  a 
second  dye  be  used  as  a  counterstain,  it  will  color  the  bacteria  which  are 
"nonracid-fast/* 

L  Kethod  of  ZieU-  Neelsen. — ^1.  Stain  for  1  to  2  minutes  in  concentrated  carbol- 
foelisin,  heating  until  steam  comes  off. 

2.  Wash  quickly  in  water. 

3.  Decolorize  in  5  per  cent  H^SO^  for  2  to  5  seconds,  or  in  3  per  cent  HCl- 
alcohol,  or  in  30  per  cent  aqueous  HNO,  solution,  for  1  to  3  seconds. 

4.  Wash  in  70  per  cent  alcohol  until  almost  colorless. 

5.  Rinse  in  water. 

6.  Comiterstain  with  weak  methylene  blue  solution,  5  to  10  seconds. 

7.  Wash  again  in  water,  dry,  and  mount. 

All  acid-fast  bacilli,  including  tubercle  bacilli,  stain  bright  red ;  other  bacteria, 
cell  nuclei,  and  mucus,  stain  pale  blue.  Besides  tubercle  bacilli  (human,  bovinci 
9^nm,  etc.)f  a  number  of  other  bacilli  are  acid-fast  (pseudo  tubercle  bacilli,  smegma 
*»cilli,  lepra  bacilli). 

n.  Kethod  of  Fraenkel-Chtbbett. — ^Here  the  decolorizing  and  counterstaining 
ve  done  simultaneously.  After  staining  in  hot  carbol-fuchsin,  the  specimen  is 
^OiKd  in  water  and  placed  in  the  following  solution:  Methylene  blue  2.0,  acid 
Ba^hQiic  concentrated  25.0,  alcohol  50.0,  distilled  water  100.0.    It  is  left  here  about 
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5  minutes,  until  the  preparation  looks  slightly  blue.  It  is  then  rinsed  thoroughly 
in  water,  dried,  and  mounted. 

Either  of  the  above  methods  is  useful  for  staining  tubercle  bacilli  in  sputum^ 
urine,  feces,  or  cerebrospinal  fluid. 

in.  Antif ormin  Uethods. — These  are  used  for  demonstrating  tubercle  bacilli, 
present  in  small  quantities,  in  blood,  sputum,  or  tissue.  The  antiformin,  which  is 
a  mixture  of  hypochlorit  of  soda  and  NaOH,  quickly  destroys  all  organic  sub- 
stances (including  bacteria),  except  acid-fast  bacteria,  which  still  retain  their  form, 
vitality,  and  colorability.  Urinary  sediments  containing  tubercle  bacilli,  treated 
with  antiformin  and  injected  into  guinea-pigs,  cause  infection,  showing  that  the 
tubercle  bacilli  are  not  killed. 

Several  antiformin  methods  have  been  used.  Uhlenhuth's  seems  as  good  as  any. 
The  material  is  dissolved  up  in  an  equal  volume  of  15-20  per  cent  antiformin  solu- 
tion by  allowing  the  mixture  to  stand  for  10-12  hours  in  the  thermostat  at  body 
temperature.  The  tubercle  bacilli  can  be  obtained  in  concentrated  aggr^ate  by 
centrifugahzing.    The  centrifugate  is  used  for  staining,  or  for  animal  experiments. 

A  quick  method  has  been  introduced  by  Lorenz.  From  2  to  10  c.c.  of  sputum 
are  shaken  in  a  test  tube  for  about  5  minutes  with  two  or  three  times  as  much  15 
per  cent  solution  of  antiformin.  The  shaking  is  continued  until  the  mixture  is 
homogeneous,  then  boiled  and  strongly  centrif ugalized  for  about  15  minutes.  The 
sediment  is  spread  on  a  glass  slide,  diluted  with  a  few  oeses  of  water,  dried,  fixed 
in  a  flame,  and  stained. 

Methods  have  been  introduced  for  differentiating  tubercle  bacilli  from  other 
acid-fast  bacilli  (Korallin  method,  and  House's  method).  For  these,  the  special 
text-books  must  be  consulted.  They  are  not  absolutely  reliable,  and,  where  there  is 
doubt,  cultures  should  be  made,  or  animal  inoculations  undertaken. 


iii.    Stains  for  Treponema  iiallidinn 

The  material  can  be  obtained  from  a  mncous  patch  in  the  mouth,  from  a 
hard  chancre,  or  from  other  luetic  lesions.  In  the  case  of  hard  chancre,  the 
surface  is  first  touched  several  times  with  a  bit  of  cotton  wet  in  ether,  then 
cautiously  scraped  with  a  knife  short  of  hemorrhage,  after  which  a  scraping 
is  cautiously  made  from  the  middle  to  the  periphery  of  the  chancre  until  a 
little  bloody  serum  just  appears.  It  is  well  to  examine  a  droplet  of  this 
fresh,  by  "dark-field  illumination";  often  the  spirochsetes  can  be  seen  in 
lively  rotary  motion.  A  drop  is  taken  up  with  the  edge  of  a  thoroughly 
clean  glass  slide,  or  cover  slip,  and  spread  upon  a  similarly  clean  slide  by 
stroking.  If  the  smear  be  correctly  made,  single  intact  red  corpuscles  will 
be  scattered  in  it.  The  smear  is  dried  in  the  air  and  fixed  in  the  flame  in 
the  ordinary  way. 

Uethylene  Azure  Eosin. — The  preparation  is  stained  with  Wilson's  or 
Giemsa's  stain  (20  drops  to  20  c.c.  of  water).  Some  of  the  diluted  stain  is  placed 
on  the  slide,  which  is  clean,  warmed  over  the  flame  until  steam  arises,  but  short  of 
boiling.  The  first  stain  is  poured  off  and  fresh  stain  added  and  heated,  and  this 
process  repeated  several  times.  The  quicker  the  staining  is  carried  on,  the  better. 
Wash  in  water,  and  dry.  Red  blood  corpuscles  and  spirochetes  are  stained  a 
bright  red  color  and  look  granular. 

India  Ink  Uethod. — ^A  drop  of  serum  obtained  from  the  chancre  as  above  de- 
scribed is  mixed  evenly  with  a  drop  of  fluid  India  ink  of  the  best  quality  on  a  glass 
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elide,  &ft«T  vhich  an  even  thin  smear  is  made  vith  the  end  of  another  slide,  or 
vith  the  edge  of  a  cover  slip,  allowed  to  stand  i  minute,  and  dried.  Examine  at 
oD«e  with  oil  inuneision  lens. 

The  spirochffitea  are  seen  as  glistening,  silverlike  cork-screws,  lying  on  a  homo- 
geueoDS  brown  background.    This  method 
CM  be  warmly  recommended  for  clinical 
Htgaosaa. 
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Tochala  pallida  im  Xuufrich  Luetic    Pipuli- — t^apulopustular    Bypbl' 

mittela    der   SUbermethode.  Ilde  Id  an  Infaat.     (After  B.  Horo  In  E. 

Berl.  Idin.  Wchn»ehr.,  1907,  Leer'i     "Lehrb.     d.     Kluderhellkande," 

xHv,  400.  publlabml  by  O.  Ftscb«r.  Jena.) 

WhUt  (B)  A  Aceru  (O.  T,).     The  treponema  paUidum.    Obtervationt  on  its  occurrence  and 

demonslralion  in  syphilitic  letiont.     Arch.  Int.  Med.,  1909,  Hi,  411-4$!. 

n.    Stan»  for  Capsules 

Several  methods  are  in  use.    Two  of  the  better  known  stains  will  be  given  here. 

Velch's  Xethod. — After  fixation,  place  a  drop  of  glacial  acetic  acid  on  the 
smear.  After  a  few  seconds  pour  off  the  acid  and'  cover  smear  with  anilin, 
vatcT  gentian  violet,  renewing  the  stain  several  times.  When  staining  is  complete 
(3.5  minates)  wash  preparation  in  2  per  cent  salt  solution  and  examine  in  this 
BolotioD. 

Johne'i  Kethod. — 1.  Stain  with  2  per  cent  aqueous  solution  of  gentian  violet, 
firming  for  2  minutes. 

2.  Wash  in  water,  decolorize  in  1  to  2  per  cent  acetic  acid  for  6-10  seconds. 

3.  Wash  in  water  and  examine  in  the  same.  (In  Canada  balsam  tbe  capsules 
ilisappear.) 

V.    Staina  lot  Spores 

Uoeller's  method  is  often  used.  Fix  a  cover  slip  in  the  ordinary  way,  and 
"■iiDetse  for  from  5  secouda  to  10  minutes  in  5  per  cent  solution  of  chromic  acid, 
the  time  varying  for  the  different  varieties  of  bacteria,  and  to  be  tested  in  each  case. 
W'ish  in  water,  Btain  in  steaming  eartwi-fuchsin  1  minute,  decolorize  for  5  seconds  in 
5  per  eent  H,SO,,  wash  in  water,  eounterstain  with  aqueous  methylene  blue  solution, 
»a!ili,dry,  mount.    The  spores  will  be  stained  red,  tlie  bodies  of  the  bacteria  blue. 

Another  method  consista  in  placing  some  of  the  material  in  }  c.c.  salt  solution, 
■nd  adding  to  this  \  c.c.  filtered  carbol-fuchsin  solution.  Place  the  test  tube  in 
Ming  water  for  10  minutes.  Place  a  droplet  on  a  glass  slide  and  warm.  When 
^,  fti  in  the  flame  and  decolorize  in  equal  parts  of  absolute  alcohol  and  water 
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(if  necessary,  acidulating  with  HCl) ;  wash  in  water;  counterstain  with  Loeffler's 
methylene  blue. 

tL    Stains  for  Flai(ella 

I.  Bunge's  Method. — ^With  the  point  of  a  platinum  needle,  place  a  minute  par- 
ticle of  a  young  agar-slant-culture  (not  bouillon  culture)  in  a  small  droplet  of 
water  on  a  cover  slip.  Mix  well,  make  a  smear,  dry  quickly.  Immerse  the  cover 
slip  in  Bunge's  mordant  (25  c.c.  of  a  25  per  cent  ferric  chlorid  solution,  plus  75 
c.c.  saturated  solution  of  tannic  acid)  for  1  minute,  heating  until  steam  comes  off. 
Wash  in  water  and  dry.  Float  on  carbol-gentian-violet,  and  warm  gently.  Wash 
in  water;  dry;  mount  in  balsam. 

n.  Zettnow's  Method. — Solution  A. — 10  g.  Tannin  dissolved  in  150  c.c.  dis- 
tilled water. 

Solution  B. — Tartar  emetic  2  g.  dissolved  in  40  c.c.  hot  distilled  water. 

Warm  A.  to  40**  C.  (not  above  45**  C.) ;  to  it  add  gradually  27-28  c.c.  of  Sol.  B., 
or  until  the  precipitate  which  arises  does  not  materially  diminish  after  a  few 
minutes'  shaking.  This  mordant  is  ready  for  use  at  once  and  can  be  kept  for  months 
by  adding  a  large  thymol  crystal. 

Teghnic. — Place  some  of  the  mordant  in  a  test  tube  after  shaking  the  flask  well 
Boil  until  clear.  Lay  the  cover  slip  in  a  bo^-glass  with  the  film  side  down,  and  pour 
the  warm  mordant  over  it.  Leave  the  cover  slip  in  until  the  cooling  mordant  begins 
to  become  turbid;  then  remove  the  cover  slip  and  wash  with  water;  then  fasten  it  in 
a  Comet  forceps  and  set  on  edge  to  drain  and  dry.  Now  lay  the  cover  slip  horizon- 
tally and  cover  it  with  a  solution  of  methylamine  silver  made  by  shaking  2-3 
grams  silver  sulphate  violently  with  200  grams  water  until  saturated.  Of  this  soln- 
tion,  one  part  is  diluted  with  1  part  distilled  water,  and  then  mixed  with  33  per  cent 
methylamine  solution  until  the  precipitate  first  arising  again  dissolves.  Warm  the 
cover  slip,  covered  with  silver  solution,  in  a  low  flame  until  vapor  begins  to  come 
off;  wash  with  water,  and  dry.  The  silver  sulphate  is  made  by  precipitating  silver 
nitrate  solution  with  magnesium  sulphate  or  sodium  sulphate. 

. 

The  flagella  are  stained  black ;  in  many  bacteria  they  are  attached  all 
around  the  body  of  the  bacterium  (peritrichous)  ;  in  others,  there  is  only  a 
single  flagellum  at  one  end  (monotrichous). 

5.    Bacterial  Cultures  for  Clinical  Diagnosis 

Both  fluid  and  solid  media  are  used.  Among  the  fluid  media,  bouillonj 
plain  or  enriched,  and  peptone  solution  are  most  employed.  For  the  isola- 
tion of  typhoid  bacilli,  Conradi's  bile  medium  (ox  bile  900  c.c. ;  glycerin 
100  cc. ;  peptone  20  grains)  is  often  used.  Plain  milk  and  litmus  milk  are 
also  valuable  for  differential  diagnosis. 

Among  the  solid  media,  coagulated  hlood  serum,  especially  Loeffler's 
serum,  to  which  1  per  cent  glucose  bouillon  has  been  added,  is  much 
used,  for  the  isolation  of  diphtheria  bacilli.  Potato,  gelatin,  and  especially 
agar,  either  plain,  or  agar  to  which  glycerin,  blood,  glucose,  or  other  sub- 
stances have  been  added  are  in  daily  use. 

Reliable  media  can  now  be  purchased.     If  one  makes  one's  media,  it 
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may  be  convenient  to  use  instead  of  agar,  the  so-called  ragit  (Merck), 
which  simply  needs  to  be  dissolved  up  to  be  ready  for  use. 

Certain  special  media  have  been  found  useful  in  making  cultures  from 
stools  when  it  is  desired  to  isolate  typhoid,  paratyphoid  and  colon  bacilli. 
SeTeral  of  the  more  important  follow. 

lactote-litmns-nntrose  agar  (Drigalski  and  Conradi),  by  means  of  which  we 
find  out  whether  a  bacterium  can  decompose  the  milk  sugar  with  formation  of  acid 
whieh  reddens  litmus.  The  medium  should  be  prepared  as  directed  in  Hiss  and  Zins- 
ser's Text-book.  In  addition  to  litmus  and  lactose  it  contains  crystal  violet  to  inhibit 
the  growth  of  bacteria  other  than  B.  typhosus  or  B.  coli.  On  this  medium,  typhoid 
bacilli,  paratyphoid  bacilli  (A  and  B),  and  dysentery  bacilli,  grow  as  blue  colonies, 
while  the  colon  bacillus  g^ws  as  red  colonies. 

Fnchsin-siilphite  agar  (Endo).  To  a  Uter  of  3  per  cent  neutral  agar  are 
added  10  c.c.  of  10  per  cent  soda  solution,  10  g.  lactose,  5  c.c.  saturated  fuchsin 
solution  (filtered) ;  then  add  25  c.c.  freshly  prepared  solution  of  sodium  sulphite  (10 
per  eent) .  This  medium  is  clear  when  the  reaction  is  alkaUne  and  sodium  sulphite  is 
present  It  should  be  kept  in  the  dark,  and  air-tight.  For  use,  it  is  poured  into 
Petri  dishes. 

Bacteria  that  convert  the  milk  sugar  into  lactic  acid  g^w  as  red  colonies,  while 
other  bacteria  form  colorless  colonies.  Endo's  fuchsin  agar  can  be  prepared  quickly 
by  the  use  of  the  so-called  Endo-capsule  (Merck). 

Xalachite-Oreen  Agar. — This  consists  of  3  per  cent  neutral  agar  plus  5  c.c.  nor- 
mal NaOH  (per  Hter)  plus  1  per  cent  nutrose  plus  1  c.c.  of  a  1  per  cent  solution  of 
malachite  green  (C.  P.  Hochst)  in  water  and  alcohol.  According  to  H.  Schindler,  it 
is  best  to  make  tests  with  varying  amounts  of  malachite  green  in  the  medium  until 
one  gets  the  composition  in  whicl^  most  typhoid  colonies  and  fewest  colon  colonies 
will  grow.  The  medium  has  the  advantage  of  inhibiting  the  growth  of  B.  coli  and 
Tarious  other  bacteria. 

Hints  for  Culture. — ^For  the  diagnosis  of  diphtheria,  slants  of  Loeffler's 
medimn  are  very  satisfactory.  For  blood  and  sputum  cultures,  blood-agar 
Petri  plates  are  desirable.  For  cultures  from  the  stools,  the  special  media 
of  Drigalski  and  Conradi,  Endo,  etc.,  are  useful. 

For  the  exact*  determination  of  the  bacterial  species  obtained,  all  the 
ordinary  methods  of  the  bacteriological  laboratory  must  be  employed  in  the 
clinical  laboratory  (blood  cultures,  surface  cultures  on  various  media, 
animal  experiments,  etc.). 

If  the  presence  of  anaerobic  bacteria  be  suspected,  oxygen-free  growth 
should  be  attempted  (pyrogallic  acid  method ;  hydrogen  or  illuminating^gas 
method ;  mechanical  method ;  plastillin  method  of  Lentz  and  Heim).  (See 
Special  Texts. ) 

In  studying  the  biological  properties  of  bacteria,  the  capacity  for  fer- 
mentation of  sugars  and  proteins,  for  the  formation  of  alkali  or  acid,  H^S 
or  indol,  the  oxygen-need,  the  reducing  capacity,  the  toxin  production,  and 
the  production  of  pigment,  may  need  investigation. 

The  value  of  blood-cultures  is  often  so  great  from  a  diagnostic  point  of  view 
that  it  is  a  pity  that  they  are  not  more  often  made  outside  of  the  hospitals.    Satis- 
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factory  blood-cultures  can  be  made  by  any  physician  who  has  had  elementary 
training  in  bacteriology,  though  he  may  require  the  assistance  of  a  trained  labora- 
tory worker  in  the  interpretation  of  the  results. 

The  patient's  arm  is  thoroughly  washed  with  green-soap  followed  by  70  per 
cent  alcohol.  An  Esmarch  bandage,  or  a  length  of  rubber  tubing,  is  applied  about 
the  upper  arm  tightly  enough  to  cut  off  the  venous  flow  but  not  to  obliterate  the 
radial  pulse.  The  veins  of  the  forearm  are  thereby  distended  and  show  prom- 
inently. In  fat  people,  in  women,  and  in  cachectic  patients,  this  maneuver  may 
not  suffice  to  render  the  veins  visible.  They  must  then  be  palpated  by  passing  the 
fingertips  gently  across  the  forearm.  The  veins  are  readily  felt  as  cords  in  the 
subcutaneous  tissues.  If  the  patient  clench  and  unclench  the  fist  the  veins  often 
become  more  prominent.  In  very  difficult  cases  immersion  of  the  arm  in  hot 
water  (with  the  bandage  on)  will  often  be  of  use.  As  a  rule,  no  difficulty  is  expe- 
rienced in  finding  a  suitable  vein.  The  easiest  to  enter  with  a  needle  are  not  the 
most  superficial  veins,  but  those  whose  attachment  to  the  deep  fasciae  renders 
them  less  mobile — a  point  on  such  a  vein  is  hence  selected.  If  palpation  has  been 
necessary,  the  skin  is  again  cleansed  with  alcohol.  Keep  the  patient's  fingers  and 
flies  off  this  prepared  area.  Nothing  should  touch  the  needle  nor  the  skin  where 
the  needle  is  to  enter. 

A  10-20  c.c.  Luer,  or  Record  syringe  with  a  sharp  needle  (No.  18-20)  and  a 
bemostat  should  meantime  have  been  boiled  for  three  minutes  in  a  shallow  pan. 
(Caution:  remove  the  piston  for  boiling).  The  water  is  carefully  drained  oflE. 
The  barrel  is  picked  out,  the  piston  fitted  into  it,  and  then  with  a  Steele  bemostat 
the  needle  is  picked  up  and  fitted  on  and  the  obturator  gently  pulled  out  from 
the  lumen  of  the  needle. 

The  point  of  the  needle  is  then  passed  through  the  skin  overlying  the  vein, 
with  a  quick  thrust,  and  then  more  slowly  it  is  pushed  through  the  wall  of  tiie 
vein  itself.  In  this  way  one  avoids  passing  completely  through  the  vein.  When 
the  point  of  the  needle  enters  the  lumen  of  the  vein,  blood  mounts  into  the  syringe. 
The  piston  is  slowly  drawn  out  until  the  requisite  amount  of  blood  is  obtained. 
If  the  fiow  becomes  very  slow  it  is  best  to  stop,  as  too  great  delay  at  this  stage 
will  result  in  clotting  inside  the  syringe.  Ten  c.c.  are  sufficient.  The  constrictor 
is  loosened  before  the  needle  is  withdrawn.  The  cotton  stopper  of  a  tube  of 
media  is  then  fiamed  over  an  alcohol  lamp,  withdrawn  and  held  between  two  fingers, 
the  mouth  of  the  tube  fiamed,  and  the  proper  quantity  of  blood  delivered  into  the 
media,  after  which  the  tube  is  plugged.  Each  tub)  or  fiask  of  media  is  thns 
rapidly  inoculated  in  succession.  If  desired,  some  of  the  blood  may  be  placed 
in  an  empty  tube  for  the  Wassermann  or  Widal  test.  The  syringe  should  be 
washed  with  cold  water  before  clotting  in  the  barrel  occurs. 

Since  outside  hospitals  it  is  often  awkward  to  melt  down  agar,  and  to  poor 
plates,  reliance  is  usually  placed  upon  the  liquid  media  of  which  the  various 
bouillon  and  bile  medias  are  the  standbys.  It  is  probably  better  to  deliver  the 
blood  from  the  syringe  into  a  small  sterile  flask,  containing  a  few  c.c.  of  sterile 
1  per  cent  sodium  citrate  to  prevent  coagulation.  The  flask  is  then  taken  to  the 
laboratory  where  transfers  to  suitable  media  are  made. 

Recently,  there  have  been  placed  upon  the  market  vacuum  tubes  (Keidl)  con- 
taining sterile  citrated-glucose-bouillon.  A  needle  and  rubber  connection  are  fur- 
nished, which  are  boiled  and  then  fitted  over  the  point  of  the  vacuum  tube.  The 
needle  is  introduced  into  the  vein  and  the  fine  point  of  the  tube  broken  by  bend- 
ing the  rubber  connection.  The  vacuum  draws  blood  into  the  citrated  media.  The 
tube  can  then  be  taken  to  the  laboratory.  Empty  tubes  may  be  used  for  collecting 
blood  for  the  Wassermann  test. 
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6.    Animal  InoculationSf  and  Virulence  Tests 

Subcutaneous,  intravenous,  intraperitoneal  and  subdural  injections  of 
the  bacteria  under  examination  may  be  necessary,  especially  in  testing 
virulence.  Certain  bacteria  are  virulent  for  certain  animals,  not  for  others, 
a  point  often  useful  in  diagnosis. 

In  a  number  of  instances,  bacteria  can  be  most  easily  isolated  in  pure 
culture  by  passing  the  material  through  a  susceptible  animal.  This  is 
especially  true  of  the  bacillus  of  tetanus,  the  tubercle  bacillus,  the  anthrax 
bacillus,  and  the  pneumococcus. 

If  sputum  contain  the  pneumococcus,  a  small  portion  of  it  placed  under 
the  skin  at  the  root  of  the  tail  of  a  mouse  will  lead  quickly  to  the  death  of 
the  animal^  and  the  pneumococcus  can  be  obtained  in  pure  culture  from  the 
heart's  blood.  If  a  few  cubic  centimeters  of  the  blood  of  a  human  being 
suffering  from  lobar  pneumonia  be  injected  into  the  ear  vein  of  a  rabbit, 
the  rabbit  will  often  die  within  24  hours,  and  enormous  numbers  of  pneu- 
mococci  in  pure  culture  can  be  found  in  the  heart's  blood. 

If  the  centrifugate  of  the  urine,  in  a  case  of  renal  tuberculosis,  be 
mjeeted  into  the  peritoneum  of  a  guinea-pig  the  animal  may  be  killed  at 
the  end  of  2  or  3  weeks  and  tuberculous  lesions  found,  from  which  tubercle 
bacilli  may  be  grown  in  pure  culture. 

Rats  are  very  susceptible  to  plague ;  rabbits  to  staphylococci,  streptococci 
and  pneumococci ;  dogs  to  malignant  edema ;  guinea-pigs  to  tuberculosis  and 
glanders;  mice  and  rats  to  anthrax. 

For  details  of  animal  inoculations  special  text-books  on  bacteriology 
should  be  a>nsulted. 
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D.    Clinical  Applications  of  Immunological 

Methods 

The  newer  knowledge  of  immunity  and  anaphylaxis  (allergy)  has 
already  been  utilized  in  clinical  diagnosis,  especially  in  certain  serodiag- 
nostic  reactions. 

Among  the  antibodies  utilized  for  clinical  diagnostic  tests  are  (1)  a^ln- 
tinins,  (2)  lysins,  (3)  precipitins,  (4)  opsonins,  and  (5)  ergins.  The 
principles  underlying  these  tests  have  been  described  above.  Here  the 
technic  of  some  of  the  tests  themselves  will  be  given. 
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1.    Tests  for  A^lutinins 

Agglutination  reactions  may  be  employed  either  for  the  ideniificcttion  of 
a  given  organism  (with  an  immune  serum)  or  for  the  recognition  of  the 
nature  of  an  immune  serum  (with  a  known  bacterium).  Thus,  in  the  for- 
mer instance,  an  emulsion  of  an  unknown  bacterium  is  treated  with  diluted 
immune  serum  (antityphoid,  anticolon,  antidysentery,  etc.)  ;  in  the  latter 
instance  the  unknown  serum  is  tested  against  a  series  of  known  bacteria. 
The  most  important  clinical  agglutination  reaction  is  the  so-called  Widal 
reaction  in  typhoid  fever,  though  the  same  principle  has  also  been  utilized 
for  diagnostic  purposes  in  paratyphoid,  in  meningococcus  infections,  and  in 
^falta  fever. 
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(a)    The  Widal  Reaction 

This  may  be  carried  out  by  the  microscopic  or  by  the  macroscopic 
method.  For  the  former,  only  a  few  drops  of  blood  are  necessary ;  for  the 
latter  1-5  cc.  are  desirable. 
In  addition,  known  typhoid 
baciUi  of  agglutinable  strain 
must  be  available,  preferably 
an  18  to  24-hour  old  bouillon 
cultore,  or  a  thin  suspension 
of  bacilli  made  by  rubbing  up 
a  small  loop  of  the  growth, 
from  an  18-hour  agar  culture, 
in  5  cc  of  sterile  0.8  per 
cent  NaCl  solution* 

Microscopic  Test. — The  ex- 
amination   is    made    in    the 
hanging    drop    (see    above). 
The  serum    is   diluted,    first 
with  24  parts  of  salt  solution 
by  means  of  a  mixing  pipet, 
and  from  this  other  dilutions 
-1:50,  1:100,  and  1:200— 
are  prepared.    A  drop  of  each 
dilntion— 1 :25    to    1:200— is 
placed  upon  a  cover  slip  by 
means  of  a  platinum  loop,  and 
a  snmll    drop   of    the    fresh 
bouillon  culture,  or  agar 
growth  in  suspension  added. 
The  vaselined  hollow  slide  is 
then  applied,   and  the  speci- 
mens examined  at  once,  with 
a  high-power   dry   lens.      If 
large  clumps  of  bacteria  are 
visible,  the  preparation  is  dis- 
carded, and  the  suspension  of 
bacilli  centrifugalized   for  a 
minute  or  two.     This  throws 
any  clumps  to  the  bottom,  and 
the  supernatant  fluid  may  be  used  for  making  new  preparations.    When 
satisfactory  specimens,  free  from  clumped  organisms,  have  been  obtained, 
they  are  set  aside  for  from  J  to  1  hour  and  then  re-examined.     If  the 
rwu^on  be  positive,  the  bacilli  will  have  lost  their  motility,  and  will  be 


Ei«.  52.— Widal  Reaction — Half  Schematic:  (a) 
Typhoid  BaciUi  Free;  (b)  Typhoid  BaciUl 
Agglutinated.  (After  H.  SehottmUller  in 
Mobr  and  Staehelln's  "Handb.  d.  inner.  Med./* 
published  by  J.  Springer,  Berlin.) 
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gathered  in  clumps  of  variable  size.  Ordinarily,  complete  clumping  in 
1  hour  with  a  serum  dilution  of  1 :50  is  regarded  as  a  positive  reaction  of 
diagnostic  value.  The  highest  dilution  which  causes  clumping  and  lessens 
motility  is  called  the  agglutination  .titer  of  the  serum. 

Macroscopic  Test. — In  each  of  a  series  of  small  test  tubes  0.5  X  5  cm., 
place  1  c.c.  of  varying  dilutions  of  serum  (1:10;  1:50;  1:100;  1:200, 
etc.),  and,  in  a  control  tube,  1  c.c.  of  normal  salt  solution.  To  each  tube  add 
1  cc.  of  the  bacterial  suspension.  Place  the  tubes  in  the  thermostat,  at  the 
body  temperature,  for  3-7-12  hours.  If  the  reaction  be  positive,  the  bac- 
teria will  settle  to  the  bottom  as  a  white  flocculent  sediment,  leaving  the 
fluid  above  them  clear  and  contrasting  sharply  with  the  control  tube  in 
which  there  is  a  granular  deposit  and  a  uniformly  turbid  supernatant  fluid. 

The  macroscopic  method  is  the  one  of  choice  where  exact  results  are 
desired. 

Method  of  Bass  and  Watkins. — Bass  and  Watkins  have  devised  a 
rapid  macroscopic  test  using  fonnalinized  bacilli  instead  of  living  or- 
ganisms. Briefly  stated,  the  method  is  as  follows:  One  or  two  drops  of 
blood,  diluted  with  4  volumes  of  water,  is  mixed  on  a  glass  slide  with  an 
equal  amount  of  the  test  suspension  (10,000  millions  bacilli  per  1  cc  of 
1.7  per  cent  NaCl  and  1  per  cent  formalin).  The  slide  is  slowly  tilted  to 
and  fro.  If  the  reaction  be  positive,  a  grayish  sediment  settles  in  a  minute 
or  less ;  when  the  reaction  is  negative,  the  mixture  remains  clear. 

Ficker's  TYPHoro  Diagnosticum. — This  is  a  purchasable  suspension  of  dead 
agglutinable  typhoid  bacilli  (Merck)  used  for  macroscopic  tests  as  above.  The 
dealers  supply  both  a  typhoid,  and  a  paratyphoid  strain. 

One  can,  if  he  wishes,  use  cultures  killed  in  the  laboratory  instead.  A  bouillon 
culture  (Erlenmeyer  flask)  of  an  agglutinable  strain  24  hours  old  is  killed  by  the 
addition  of  formalin^  in  such  amounts  that  the  total  mixture  contains  1  per  cent 
f ormaldehyd.  Allow  to  stand  for  3  days  in  the  thermostat ;  centrif ugalize ;  wash  the 
bacilh  twice  with  sterile  salt  solution,  centrifugalizing  each  time,  dilute  with  salt 
solution  to  the  original  volume,  and  preserve  in  sterile  glass  bulbs  in  the  ice-box. 
Such  material  will  keep  for  months. 

Judgment  of  the  Agglutination  Reaction. — Agglutination  in  dilutions 
under  1 :  50  are  of  no  diagnostic  value,  since  normal  serum  may  possess 
some  agglutinating  power.  Agglutination  in  dilutions  of  1 :  50  and  in 
higher  dilutions  possess  diagnostic  value.  In  exceptional  instances,  agglu- 
tination of  typhoid  bacilli  in  1-50  dilution  has  been  noted  in  cases  of 
tuberculosis  and  of  jaundice.  In  typhoid  fever,  the  reaction  is  rarely  posi- 
tive until  the  beginning  of  the  second  week  in  bed,  and  it  is  frequently 
negative  until  the  third  week,  and,  occasionally,  until  late  in  convalescence. 
In  rare  instances  of  undoubted  typhoid,  as  proven  by  positive  blood  culture, 
the  Widal  reaction  may  remain  negative  throughout.  The  reaction  may 
remain  positive  for  several  weeks  or  months  after  the  infection ;  indeed,  it 
is  sometimes  present  years  after  typhoid  fever.     When  the  reaction  per- 
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sists  for  such  a  long  period,  persistent  local  infections  (bones,  gall-blad- 
der) may  be  suspected.  Probably  all  typhoid  carriers  yield  a  positive 
Widal  reaction. 

It  will  be  interesting  to  learn  how  long  the  Widal  reaction  remains  posi- 
tive after  prophylactic  inoculation  against  typhoid. 

No  parallelism  exists  between  the  severity  of  the  case  and  the  amount 
of  agglutinins  formed. 

It  is  interesting  that  sfome  strains  of  typhoid  bacilli  yielding  a  negative 
result  in  dilutions  of  1:50  and  1:100  yield  a  definitely  positive  result  in 
hi^er  dilutions  (1 :  500 ;  1 :  1000). 

In  cases  of  group  reaction^  one  may  determine  the  agglutination  titer 
for  each  organism  of  the  group,  or  one  may  adopt  Castellani's  method  of 
mixing  a  portion  of  immune  serum  with  each  of  the  members  of  the  group, 
centrifugalizing,  and  testing  the  supernatant  fluid  for  its  agglutination 
titer  for  the  other  members.     (For  Keferences,  see  pp.  121-122.) 


2.    Tests  for  Lysins  (Baderiolysins;  Hemolysins) 

The  substances  concerned  have  already  been  described.  Two  main  clin- 
ical applications  are  used:  (a)  Pfeiffer's  experiment,  and  (b)  complement 
fixation  tests. 

(a)    PfeWer^s  Experiment 

If  an  immune  serum  from  the  rabbit  (against  cholera  or  typhoid)  be  inactivated 
by  beat  and  injected,  with  its  corresponding  (homologous)  bacteria,  into  the  peri- 
toneal cavity  of  a  guinea-pig,  and  a  little  of  the  peritoneal  exudate  obtained  by 
means  of  fine  glass  capillaries  be  examined  at  intervals  (immediately,  after  5  min- 
ute, 15  minutes,  30  minutes,  etc.)  in  hanging  drop  preparations,  it  will  be 
observed  that  the  bacteria  quickly  lose  their  motiUty,  swell  up,  become  granular,  and 
in  three-quarters  of  an  hour  or  an  hour  are  completely  dissolved  {bacteriolysis). 
The  complement  of  the  guinea-pig's  peritoneal  fluid  has  reactivated  the  amboceptors 
of  the  immune  serum  and  caused  bacteriolysis. 

The  reaction  is  strongly  specific,  and  is  of  great  importance,  especially  in  the 
(liagnosis  of  cholera,  when  it  is  desirable  to  establish  without  doubt  the  diagnosis  in 
the  fiist  cases  of  the  disease  at  the  beginning  of  an  epidemic  by  isolating  the  cholera 
Tibrio  in  cultures  and  establishing  the  identity  of  the  cultivated  vibrio. 

Kagnosis  of  an  Unknown  Bacterium  by  Bacteriolysis  with  a  Known  Immune 
Senna. — In  actually  performing  the  experiment  for  clinical  purposes,  it  is  desir- 
able to  use  immune  serum  of  known  strength,  dried  in  vacuo.  This  can  now  be  pur- 
ehased,  put  up  in  small  brown  glass  tubes  containing  0.2  grams.  In  cholera,  the 
strength  of  the  immune  serum  must  be  so  great  that  0.0002  c.c.  suffices  completely  to 
bacteriolyze  2  mg.  (1  oese)  of  an  eighteen-hour  agar  culture  of  cholera  bacilli, 
placed  with  it  in  the  peritoneal  cavity  of  the  guinea-pig,  within  60  minutes;  in  other 
words,  it  must  possess  a  bacteriolytic  titer  of  at  least  1 :5000. 

Technic. — Four  guinea-pigs,  each  weighing  approximately  200  g.,  are  required. 
Gmnea-pig  A  receives  5  times  the  titer  dose,  i.  e.,  1  mg.  of  an  immune  serum  with 
a  titer  of  1 :5000. 
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Guinea-pig  B  receives  10  times  the  titer  dose,  i.  e.,  2  mg.  of  an  immune  aerom 
with  a  titer  of  1 :  6000. 

Guinea-pig  C,  a  control  animal,  receives  50  times  the  titer  dose,  i.  e.,  10  mg.  of 
normal  rabbit's  serum. 

The  serum  injected  into  the  peritoneal  cavity  of  each  of  these  three  animals  is 
first  mixed  with  1  oese  of  an  agar  culture  of  the  suspected  bacterium  (18  hours  at 
37®  C.)  rubbed  up  in  1  c.c.  bouillon  (not  in  salt  solution  or  peptone  water). 

Guinea-pig  D  receives  1  oese  of  the  bacterial  culture  in  1  c.c.  bouillon,  without 
other  admixture,  in  order  to  find  out  whether  the  culture  is  virulent  for  the  guinea- 
pig  or  not. 

If,  in  the  first  two  animals,  A  and  B,  bacteriolysis  occur  within  20  minutes,  or  at 
the  latest  within  one  hour,  while  in  animals  C  and  D,  bacteriolysis  has  not  occurred, 
the  reaction  is  positive,  and  the  microorganism  is  proven  to  be  the  suspected  infec- 
tious agent. 

Diagnosis  of  an  Unknown  Immune  Serum  by  Bacteriolysis  of  a  Known  Bac* 
terinm. — One  can,  on  the  other  hand,  use  the  same  principle  for  determining 
whether  a  serum  derived  from  a  patient  suspected  to  have  typhoid  or  cholera,  or 
from  a  convalescent  from  these  diseases,  contains  immune  bodies  (bacteriolysins 
against  the  typhoid  bacillus,  or  against  the  cholera  vibrio).  The  suspected  serum 
(usually  in  dilutions  of  1:20, 1:100,  1:500)  is  injected,  together  with  the  bacteria, 
into  the  peritoneal  cavity  of  the  guinea-pig;  examinations  are  made,  at  intervals, 
up  to  1  hour,  to  see  whether  the  organisms  undergo  granular  disint^ration  and 
lysis. 

Bacteriolysis  in  Vitro. — The  method  described  above  requires  a  living  animal; 
the  test  is  done  in  vivo.  It  can  also  be  carried  out  in  vitro  (Stem  and  Korte) .  In- 
activated typhoid  serum  (in  different  dilutions)  is  mixed  in  test  tubes  with  semm 
containing  complement  (fresh  rabbit  serum)  and  with  known  typhoid  bacilli;  the 
mixture  is  allowed  to  stand  for  45  to  60  minutes,  after  which  agar  plates  are  made  to 
determine  in  what  dilutions  the  serum  has  killed,  or  markedly  diminished,  the  g^wth 
as  contrasted  with  the  control  tests  in  which  inactivated  normal  serum  was  used 
instead  of  immune  serum.  In  typhoid  fever,  positive  results  are  usually  obtainable 
with  dilutions  of  1 :  1000,  and  even  in  less  concentration. 
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Note. — For  other  references,  see  pp.  116-118. 

(b)    Complement  Fixation  Tests 

As  has  been  fuUy  described  above,  by  complement  fixation  is  meant  the 
fact  that  when  antigen  and  specific  antibody  are  mixed  together,  the  com- 
plement present  becomes  anchored,  so  that  no  complement  is  available  for 
an  introduced  hemolytic  sj'stem  (hemolytic  amboceptor  -f-  red  corpuscles), 
and  no  hemolysis  results. 

Complement  is  fixed  in  the  presence  of  amboceptor  and  bacterial  anti- 
gen (Bordet-Gengou  phenomenon)  ;  it  is  also  fixed  in  the  presence  of  pre- 
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cipitin  and  protein-antigen  (Gengou-Moreschi  phenomenon).  Both  these 
fonns  of  complement  fixation  have  been  used  in  clinical  diagnosis. 

If  one  immunize  a  large  rabbit  by  injecting  it  on  several  (3-4)  occa- 
sions, 4-6  days  apart,  with  the  washed  corpuscles  from  1.0-10.0  c.c.  of 
sheep's  blood  (asepsis!),  the  rabbit's  serum  in  10-12  days  after  the  last 
injection  will  possess  in  favorable  cases  a  strong  specific  hemolytic  power 
for  sheep's  corpuscles,  the  hemolysis  depending  upon  the  cooperation  of  two 
substances,  (1)  specific  hemolytic  amboceptor,  and  (2)  non-specific  normal 
complement. 

If  such  an  immune  serum  be  rendered  inactive  by  heat,  it  will  still  con- 
tain hemolytic  amboceptor  but  no  complement. 

Now,  if  a  given  antigen  be  mixed  with  the  (homologous)  amboceptor  to 
which  it  can,  on  injection,  give  rise,  the  two  unite  to  form  a  compound 
which  has  an  extraordinary  aflBnity  for  free  complement ;  the  compound 
fonned  by  their  union  binds  the  complement  firmly,  while  either  antigen  or 
amboceptor  alone  possesses  only  slight  aflSnity  for  such  complement.  If 
one  suspect  that  a  patient's  serum  contain  a  certain  specific  amboceptor, 
and,  to  a  portion  of  this  serum,  some  corresponding  antigen  (extract  of 
syphilitic  liver,  typhoid  bacilli,  etc.)  be  added,  together  with  a  little  fresh 
complement,  and  the  whole  be  kept  at  37°  C.  for  a  short  time,  the  comple- 
foent  will  be  bound  (fixed,  or  anchored) ^  if  the  suspected  amboceptor  be 
present  Now,  since  in  this  fixation  all  free  complement  has  been  used  up, 
if  the  hemolytic  system  be  introduced  (sheep's  red  corpuscles  +  hemolytic 
amboceptor  in  the  form  of  inactivated  immune  serum),  no  hemolysis  will 
occur  because  of  the  lack  of  free  complement  (positive  reaction  for  comple- 
ment  fixation)  ;  but  should  we  be  wrong  in  our  surmise  regarding  the  pres- 
ence, in  the  patient's  serum,  of  an  amboceptor  corresponding  to  the  antigen 
nsed,  the  complement  will  not  be  bound,  and  so  free  complement  will  be 
available  to  activate  the  hemolytic  amboceptor,  and  the  red  corpuscles  of  the 
hemolytic  system  will  be  laked;  in  other  words,  hemolysis  will  occur 
{negative  reaction  for  complement  fixation). 

The  method  has  been  used  for  the  diagnosis  of  typhoid  fever,  of  tubercu- 
losis, of  chronic  gonorrhea,  and  of  certain  other  infectious  diseases,  but  it 
has  scored  its  greatest  triumph  in  the  serum  diagnosis  of  syphilis,  for 
which  purpose  it  was  applieid  first  by  Wassermann,  Neisser  and  Bruck 
(1906),  the  test  being  generally  known  as  the  Wassermann  reaction.  They 
naed  an  extract  of  the  liver  of  a  luetic  fetus  as  antigen.  About  the  same 
time,  Detre  used  as  antigen  an  extract  of  condylomata. 
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L    Wassermaiiii  Reaction  (Wa.-R«) 

It  was  first  shown  that  the  serum  of  syphilitic  patients,  mixed  with  salt 
solution  extracts  of  syphilitic  organs  (liver  of  congenital  syphilis)  as  anti- 
gen, would  absorb  complement.  From  this  it  was  assumed  that  the  salt 
solution  extract  of  luetic  organs  contains  syphilitic  antigen,  and  also  that 
the  blood  serum  of  syphilitic  patients  contains  specific  (syphilitic)  anti- 
bodies (amboceptor). 

It  turns  out  from  later  studies  that  alcoholic  extracts  and  acetone  extracts  of 
luetic  liver  work  as  well  as  saUne  extracts,  and,  moreover,  extracts  from  perfectly 
normal  tissues  (human  heart,  guinea-pig's  heart)  work  as  well  as  those  from  syphil- 
itic organs,  especially  if  a  little  cholesterin  be  added. 

The  antigen  appears  to  be  a  hpoid  body,  possibly  related  to  lecithin,  and  the 
antibody  in  the  serum  of  syphilitic  patients  can  scarcely  be  an  amboceptor  in  the 
sense  of  Ehrlich,  but  seems  rather  to  be  some  substance  with  a  marked  affinity  for 
lipoid  bodies.    It  has  been  called  the  lipoidophilic  antibody  (C.  E.  Simon). 

As  a  hemolytic  system,  sheep's  corpuscles,  together  with  the  antiserum 
made  by  injection  of  sheep's  corpuscles  into  rabbits  and  inactivated  by  heat 
so  as  to  contain  only  amboceptor,  was  used,  and,  for  complement,  fresh 
guinea-pig's  serum  was  employed. 

Before  carrying  out  the  test,  certain  control  experiments  must  be  made 
to  determine  the  activity  of  the  extract,  of  the  hemolysin,  and  of  the  com- 
plement, and  to  make  sure  that  the  serum  to  be  tested  does  not,  of  itself, 
inhibit  hemolysis  (autotropic  serum). 

Technic. — The  five  substances  necessary  for  the  test  are  (1)  the  antigen, 
(2)  the  serum  suspected  to  contain  the  amboceptor  corresponding  to  the 
antigen,  (3)  complement,  (4)  hemolytic  amboceptors,  (5)  corresponding 
red  corpuscles. 
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1.  The  ANTIGEN,  as  originally  obtained,  is  a  watery  extract  made  as 
follows :  A  weighed  amount  of  the  liver  of  a  macerated  syphilitic  fetus  is 
cut  into  small  pieces,  ground  up,  shaken  for  24  hours  in  4  times  its  weight 
of  salt  solution  (0.85  per  cent)  containing  0.5  per  cent  carbolic  acid,  the 
coarser  particles  removed  by  a  gau2e  filter,  and  the  mixture  briefly  centrif  u- 
galized  (half  a  minute).  The  centrif ugate  thus  obtained  is  not  a  solution, 
but  a  homogeneous,  fairly  stable  suspension.  It  is  kept  in  a  dark  flask,  in 
the  ice-box,  and  should  always  be  well  shak^i  before  using.  The  amount  of 
extract  necessary  to  combine  complement  is  determined  in  a  preliminary 
experiment,  and  it  is  also  ascertained  whether  the  extract  alone  will  hemo- 
lyze  red  blood  cells  without  the  presence  of  either  complement  or  hemo- 
lysin. Practically,  only  those  antigens  are  used  of  which  0.4  c.c.  will  not  of 
itself  fix  the  complement. 

Many  workers  use,  instead  of  the  above  watery  extract,  an  acetone 
extract,  made  by  extracting  1  gram  dried  substance  of  luetic  liver,  normal 
heart  or  guinea-pig's  heart,  rubbed  up  in  a  mortar  with  pure  acetone. 
The  suspension  is  placed  for  8-10  hours  in  the  thermostat  at  37°  C,  and 
then  for  the  same  length  of  time  in  a  shaking  machine,  after  which 
it  is  allowed  to  stand  half  a  day  at  the  room  temperature,  and  then  filtered. 
The  flask  should  be  closed  air-tight  with  a  rubber  stopper. 

Extracts  (aqueous  or  acetone)  must  be  tested  out  to  see  (1)  whether 
they  are  suitable  for  the  Wassermann  reaction,  and  (2)  if  found  suitable, 
what  amounts  it  is  best  to  use  to  secure  reliable  results. 

Noguchi  has  prepared  an  antigen  by  using  the  acetone-insoluble  fraction 
of  alcoholic  extracts,  since  he  has  found  that  the  antigen  thus  prepared  is 
free  from  the  decomposition  products  of  protein,  such  as  albumoses  and  pep- 
tones, which  are  capable  of  "proteotropic  ferment  fixation.'*  The  heart, 
liver  or  kidney  of  man  or  animal  is  hashed  and  extracted  with  10  volimies 
of  absolute  alcohol  for  several  days  at  37°  C.  This  extract  is  filtered,  the 
filtrate  evaporated  in  vaciw  to  dryness,  extracted  with  ether,  the  ethereal 
extract  concentrated,  and  mixed  with  10  volumes  of  pure  acetone.  The 
insoluble  precipitate  is  collected,  dissolved  in  a  minimal  amount  of  absolute 
methyl  alcohol,  and  kept  in  ampules  as  a  stock  solution.  For  use,  enough 
stock  solution  is  dissolved  in  salt  solution  to  make  a  solution  containing 
0.3  per  cent  of  the  original  lipoids.  This  can  be  kept  on  ice  until  it  is  used. 

Xoguchi  has  also  prepared  an  antigen  from  pure  cultures  of  Trepo- 
iiema  pallidum. 

Very  recently  antigens  made  of  alcoholic  extract  of  beef -heart  to  which 
0.05  per  cent  cholesterin  is  added,  have  come  into  use.  Such  cholesterinized 
alcohol-extract  antigens  promise  well.     They  may  come  into  general  use. 

In  such  testing  of  antigens,  we  make  use  of  a  positive  standard  serum 
(luetic)  and  of  a  negative  standard  serum  (non-luetic),  cx)ntrolled  just 
before  testing  by  a  reliable  standard  antigen  extract.  We  also  control  all 
the  reagents  (sera  and  extracts)  individually  with  the  hemolytic  system. 
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to  see  if  any  one  of  them,  with  double  the  amount  used  in  any  test,  will  by 
itself  inhibit  hemolysis.  Bough  tests  are  first  made  for  orientation  with  5 
doses  of  the  extract  (0.2;  0.1;  0.05;  0.025;  0.0125).  If  we  find,  for 
example,  that  the  extract  tested  works  well  in  the  amounts  0.05  and  0.025, 
we  then  make  tests  of  the  efficiency  of  the  extract  in  comparison  with  that 
of  a  well-tested  standard  extract,  and  raise  and  lower  the  dose  of  the  new 
antigen  until  results  are  reached  that  are,  as  near  as  possible,  like  those 
obtainable  with  the  standard  antigen.  The  amount  of  new  extract  that  does 
this  is  used  as  the  ordinary  dose.  The  extracts  remain  fairly  constant  in 
activity,  so  that  the  dose,  once  determined,  can  be  relied  upon  as  correct 
for  a  considerable  period.  Antigen  when  added  to  a  hemolytic  system  in 
sufficient  concentration  will  inhibit  hemolysis.  Since  this  eflFect  is  produced 
by  the  action  of  the  concentrated  antigen  upon  the  complement  it  is  spoken 
of  as  the  anticomplementary  property  of  the  antigen.  In  titrating  the  anti- 
gen we  observe,  in  the  series  with  normal  serum,  whether  any  anticomple- 
mentary action  is  observable  and  what  is  the  least  concentration  of  antigen 
which  will  produce  such  an  effect.  In  the  positive-serum  series  we  obsenre 
what  is  the  smallest  amount  of  antigen  that  will  cause  complete  inhibition 
of  hemolysis;  this  amount  is  usually  spoken  of  as  one  unit  of  antigen. 
Double  this  amount  (e.  g.,  two  units)  should  not  be  a  sufficient  amount  to 
cause* any  anticomplementary  action:  and  if  it  does  the  antigen  should  be 
discarded  as  unreliable. 

2.  The  SEBUM  of  patients  suspected  to  contain  syphilitic  antibody  is 
heated  in  small  test  tubes  for  half  an  hour  at  56°  C.  As  controls,  sera 
from  healthy  patients  are  used. 

Anticomplement  may  develop  in  sera  that  have  stood  for  some  time ;  it 
is  destroyed  by  heat.  Blood  drawn  after  meals  may  be  rich  in  anticomple- 
mentary substances.  For  this  reason  it  is  best  to  draw  the  blood  for  a 
Wassermann  reaction  before  a  meal. 

Cerebrospinal  fluids  may  be  tested  in  the  same  way  as  serum.  They 
need  not  be  inactivated  before  use ;  indeed,  as  far  as  the  complement  itself 
is  concerned,  serum  need  not  be  inactivated,  if  acetone  extracts  be  used 
(Noguchi),  but  in  order  to  get  rid  of  certain  other  substances  it  is  best  to 
heat  the  sera. 

3.  As  COMPLEMENT,  frosh  guinea-pig's  serum  is  used,  diluted  1:10 
with  salt  solution.  The  guinea-pig  is  bled  from  the  carotid  artery.  The 
clot  is  broken  up  with  a  glass  rod  during  its  formation,  and  the  whole 
quickly  centrifugalized.  Fresh  serum  can  thus  be  obtained  in  a  few 
minutes. 

Instead  of  sacrificing  a  guinea-pig  each  time  complement  is  desired,  if 
only  a  little  be  required,  it  can  be  obtained  by  anesthetizing  the  animal  and 
drawing  off  3-5  c.c.  directly  from  the  heart  by  means  of  an  aspirating 
needle. 

Serum  over  24  hours  old  should  never  be  used. 
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4.  For  HEMOLYTIC  AMBOCEPTOR  the  inactivated  serum  of  a  rabbit  that 
has  been,  immunized  against  sheep's  corpuscles  by  3  injections  5  days  apart 
into  the  ear  vein,  or  intraperitoneally,  first  with  2.0  c.c.  concentrated  red 
corpuscles,  second  with  1.6  c.c.  of  equal  parts  of  corpuscles  and  salt  solu- 
tion, and  third  with  1.0  c.c.  of  a  mixture  of  equal  parts  of  corpuscles  and  salt 
solution,  is  used.  Dick  advises  3  c.c.  of  blood  at  the  first  injection,  6  c.c.  at 
the  second,  10  c.c  at  the  third,  15  c.c.  at  the  fourth,  and  20  cc.  at  the  fifth; 
the  injections  are  then  given  6  days  apart. 

This  hemolytic  serum  must  be  titrated  before  use.  We  prepare  a  series 
of  solutions  varying  in  strength  from  1 :300  to  1 :  3000  and  test  0.25  cc  of 
each  dilution  with  0.25  cc.  of  complement  (1 :10),  and  0.25  c.c  of  sheep's 
corpuscles  (5  per  cent).  The  amount  of  fluid  in  each  tube  is  brought  up  to 
1.25  cc.  with  salt  solution.  The  titer  of  the  amboceptor  should  be  at  least 
such  that  0.6  cc.  of  a  1:2000  dilution  (in  salt 'solution)  will  completely 
hemolyze  0.5  cc.  of.  a  6  per  cent  suspension  of  washed  sheep's  corpuscles  in 
the  presence  of  0.5  c.c.  of  a  1:10  dilution  of  guinea-pig's  serum  (comple- 
ment) within  30  minutes  at  37°  C.  This  hemolytic  serum  after  inactiva- 
tion  may  be  kept  on  ice  in  small  sterile  tubes. 

5.  The  sheep's  corpuscles  are  obtained  from  defibrinated  sheep's 
blood  (taken  either  from  the  ear,  or,  through  a  needle  or  cannula,  from  the 
V.  jugularis,  into  a  sterile  flask  containing  glass  pearls),  centrifugalized, 
and  then  washed  and  centrifugalized  three  times  with  salt  solution.  The 
last  centrifugate  is  drawn  up  with  a  graduated  pipet  and  mixed  with  19 
volume  of  0.8  per  cent  salt  solution  so  as  to  make  a  5  per  cent  suspension  of 
corpuscles.  Since  the  blood  of  the  sheep  varies  somewhat,  and  the  fragility 
of  the  corpuscles  is  sometimes  increased,  the  preliminary  hemolytic  experi- 
ment (q.  V.)  is  needed  as  a  control  of  the  sheep's  corpuscles,  as  well  as  to 
inform  us  about  the  laking  power  of  the  amboceptor  used. 

Preliminary  Hemolytic  Experiment 

This  experiment  (see  below)  is  for  the  purpose  of  establishing  the 
strength  of  the  hemolytic  system  to  be  chosen ;  that  is,  the  amount  of  ambo- 
ceptor necessary  for  the  actual  experiment.  The  amount  may  vary,  because 
the  content  of  a  guinea-pig's  serum  in  active  complement  varies  consider- 
ably. The  poorer  a  guinea-pig's  serum  is  in  complement,  the  greater  the 
amount  of  amboceptor  that  must  be  added  to  make  sure  that  a  part  of  the 
corpuscles  will  not  remain  unaltered. 

The  task  of  this  preliminary  experiment  is  then  to  establish  the  simple 
laking  dose  of  the  amboceptor,  by  which  is  meant  the  smallest  amount  of 
amboceptor  that,  along  with  0.5  cc.  of  complement  in  1 :10  dilution,  is 
able  completely  to  lake  0.5  cc  of  5  per  cent  suspension  of  sheep's  corpuscles 
after  standing  1  hour  at  the  body  temperature  At  the  end  of  an  hour,  one 
notes  which  of  the  tubes,  a,  b,  or  c,  is  completely  laked.     Since  d  and  e 
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contain  no  amboceptor  they  should  show  no  laking ;  ef  is  to  prove  that  the 
complement  does  not  of  itself  lake  red  corpuscles^  and  e  to  prove  that  the 
corpuscles  are  suitable  and  the  salt  solution  isotonic 

In  the  protocol,  the  successive  steps  of  the  technic  of  the  experiment  are 
numbered  in  blackface  type. 


The  Principal  {Diagnostic)  Experiment 

• 

After  the  preliminary  hemolytic  experiment  has  been  carried  out  as 
above,  we  can  proceeed  to  the  making  of  an  actual  test,  or  the  so-called 
Principal  or  Diagnostic  Experiment  The  following  is  the  Wassermann 
System  now  in  use  in  the  bacteriological  division  of  the  laboratory  of  the 
Medical  Clinic  at  the  Johns  Hopkins  Hospital  (Dr.  Arthur  Bloomfield  in 
charge  at  time  of  writing). 


RfiAOENTS: 

1.  Salt  solution  (.85  per  cent). 

2.  Sheep's  red  blood  corpuscles  (5  per  cent  suspension). 

3.  Patient's  serum  (diluted  1 : 5  with  salt  solution  and  inactivated). 

4.  Antigen  (previously  titrated  and  used  in  less  than  one-half  the  anticom- 

plementary dose).    Two  varieties  of  antigen  are  used  for  each  test. 

5.  Complement  (fresh  guinea-pig  serum,  diluted  1:10  with  salt  solution). 

6.  Antisheep   rabbit's   inunune   serum    (containing   hemol3rtic   amboceptor 

against  sheep's  blood). 


Techitic  (see  Protocol) : 

Three  tubes  (I,  II  and  III)  are  introduced  as  general  controls. 

Tube  I  contains  only  salt  solution  and  corpuscles. 

Tubes  II  and  III  both  contain  the  hemolytic  system  with  one  of  the 
two  antigens  used  in  double  the  amounts  used  in  the  test. 

There  are  three  tubes  (1,  2,  and  3)  for  eabh  patient 

Tube  1  contains  only  the  hemolytic  system,  with  double  the  amount 
of  patient's  serum  used  in  the  test.  This  is  the  anticomple- 
mentary control  for  patient's  serum. 

Tubes  2  and  3  are  the  actual  "t^t"  tubes ;  each,  however,  contains  a 
different  antigen. 

The  total  volume  of  fluid  in  each  tube  is  1.25  c.c. 

The  complement,  and  hemolytic  serum  have  been  titrated  in  the 
Preliminary  Hemolytic  Experiment. 
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PbOTOCOL  op  THB  PRXNCIPAL  or  DlAONOSnC  EhCPBBllIBNT 
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♦  Water  bath. 


ResitUa:    Tube  III  should  show  no  hemolysis. 

Tubes  II  and  I  should  be  completely  hemolyzed;  i.  e.,  the  antigen  is  not  anti- 
complementary in  double  tne  amount  used  in  the  test. 
Tubes  If  4t  7 J  etc.,  should  be  completely  hemolyzed;  i.  e.,  the  patient's  serum 

is  not  anticomplementary  in  double  the  amount  used  in  the  test. 
Tubes  2.  3,  5,  6,  B,  9,  etc.,  will,  or  will  not,  be  hemolyzed,  depending  upon 
whether,  or  not,  the  complement  has  been  fixed. 
Hemolysis  =  no  fixation  =  negative  test. 
Absence  of  hemolysis  «  fixation  «  positive  test. 

Since  human  serum  may  sometimes  contain  antisbeep  amboceptors,  a 
negative  reaction  may  be  obtained,  even  though  much  complement  is  fixed. 
To  guard  against  this,  such  natural  antisbeep  amboceptor  may  be  removed 
by  Simon's  method : 

C.  E.  Simon's  Method  of  Removing  Antisbeep  Amboceptor. — To  remove  any 
natural  antisbeep  amboceptors  from  the  blood,  Simon  dilutes  the  inactivated  serum 
with  5  volumes  of  a  standard  sheep's-corpuscle  emulsion,  inactivates  for  30  minutes 
in  the  water  bath,  and  then  removes  the  amboceptor-laden  corpuscles  by  centrifugali- 
zation.  Any  complementoid  that  may  be  simultaneously  present  is  then  gotten  rid 
of  at  the  same  time  (in  the  presence  of  natural  antisbeep  amboceptors).  After 
centrifugalization,  the  supernatant  fluid  is  pipeted  off  and  combined  with  the  vari- 
ous reagents  in  the  usual  manner. 

Nc^chi's  Method  of  Avoiding  Negative  Reactions  Due  to  the  Presence  in  the 
Human  Serum  of  Antisbeep  Amboceptor. — For  this  purpose,  Noguchi  advises  the 
use  of  a  human  hemolytic  system  instead  of  the  sheep  hemolytic  system  of  the  orig- 
inal Wassermann  reaction.  The  full  details  of  the  method  are  to  be  found  in 
Noguchi's  book,  and  also  in  Ralph  Webster's  Diagnostic  Methods.  Webster  uses 
this  method  as  a  routine,  and  asserts  that,  in  his  experience,  ^^it  is  somewhat  more 
lehable  than  the  original  Wassermann  test  in  obscure  cases."  (See  following  table.) 
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Condition 

Number  of 
Cases 

Wassermann 
Positive 

Noguchi  Positiye 

Pninary  syphilis 

208 
669 
455 
305 
79 
55 

88  per  cent 
92  per  cent 
74  per  cent 
54  per  cent 
98  per  cent 
73  per  cent 

94  per  cent 
98  per  cent 
83  per  cent 

Secondary  syphilis 

Tertiarv  syphilis 

Latent  sypnilis 

68  per  cent 

Congenita   syphilis 

CereDrospinal  S3rphilis 

98  per  cent 
80  per  cent 

Grading  the  Positive  Reactions. — By  making  the  dovhle  sets  of  experi- 
ments (Citron;  Noguchi),  one  set  (A)  containing  the  amount  of  patient's 
serum  and  antigen  given  above,  and  the  second  set  (B)  containing  half  as 
much  serum  and  half  as  much  antigen,  a  rough  quantitative  report  can  be 
made,  since  the  degree  of  inhibition  of  hemolysis  varies  according  to  the 
amount  of  syphilitic  antibody  present 

In  Tube  A,  Noguchi  uses  0.1  c.c.  of  aqueous  extract  antigen  plus  0.1 
C.C  of  acetone-insoluble  antigen ;  in  Tube  B  only  the  acetone-insoluble  anti- 
gen (0.1  C.C.). 

If  the  serum  be  rich  in  syphilitic  antibody,  complete  inhibition  will  oc- 
cur in  B  as  well  as  in  A ;  such  a  reaction  is  marked  "quadruple  plus" 
(+  +  H — h)-  When  the  inhibition  is  incomplete  in  B  but  complete  in 
A,  the  reaction  is  designated  "triple  plus"  (-| — | — h).  When  hemolysis 
is  complete  in  B,  and  inhibition  complete  in  A,  the  reaction  is  said  to 
be  "double  plus"  (H — h).  If  there  be  only  partial  inhibition  in  A,  and 
complete  hemolysis  in  B,  it  is  said  to  be  "single  plus  (  +  ).   (See  Plate  II.) 


Tube  A 

Tube  B 

Half  Quantities  of  Suspected 

Serum  and  of  Antigen 

Grade  of  Reaction 

Complete  inhibition 

Complete  inhibition 

+   +    -h   + 

Complete  inhibition 

Partial  inhibition 

+    +    + 

Complete  inhibition 

Complete  hemolysis 

4-    4- 

Partial  inhibition 

Complete  hemolysis 

4- 

Clinical  Value  of  the  Wassermann  Reaction. — This  reaction  is  of 
the  greatest  importance  for  the  diagnosis  of  syphilis,  and  for  the  control 
of  therapy  in  syphilis.  During  the  past  few  years,  in  the  clinic  in  which  I 
work,  between  50  and  100  Wassermann  tests  have  been  made  per  week 
(P.  W.  Clough;  C.  R  Austrian;  W.  A.  Baetjer;  R.  W.  Major;  T.  P. 
Sprunt;  S.  R.  Miller;  A.  L.  Bloomfield),  and  we  have  come  to  place  great 
reliance  upon  results  obtained  when  the  technic  outlined  above  is  strictly 
followed. 
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A  well-marked  positive  reaction  is  pathognomonic  of  syphilis  (pro- 
vided the  patient  is  not  suffering  from  scarlet  fever,  sleeping  sickness,  lep- 
rosy, or  frambesia).  Slight  reactions  are  not  to  be  regarded  as  positive; 
other  tests  should  be  done  later.  According  to  J.  H.  Richards  (1913),  the 
Wassermann  reaction  is  often  positive  in  diabetic  acidosis  in  the  absence  of 
any  luetic  infection. 

Single  negative  reactions  do  not  rule  out  lues.  The  reaction  may  be 
negative  in  the  blood  and  positive  in  the  cerebrospinal  fluid. 

A  serum  that  yields  a  negative  reaction  may  become  positive  after  a 
few  doses  of  mercury,  or  after  a  single  smaU  salvarsan  injection  (provocor 
live  stimulation  ) . 

After  prolonged  treatment  with  mercury,  iodids,  or  salvarsan,  a  serum 
formerly  positive  may  become  negative,  and  later  on,  after  treatment  has 
been  stopped  for  some  time,  it  may  become  positive  again.  At  least  3  weeks 
should  elapse  after  antiluetic  treatment  before  making  the  test. 

It  is  a  safe  rule  to  insist  upon  negative  reactions,  at  intervals  of  3 
months,  for  at  least  1  year  after  treatment  has  ceased  before  the  patient 
can  be  pronounced  free  from  infection.  According  to  Craig  and  Nichols, 
the  use  of  alcohol  can  exert  a  profound  effect  upon  the  results  of  a  Wasser- 
mann test;  it  is  asserted  that  through  alcohol,  a  positive  test  can  be  con- 
verted into  a  negative  one  within  24  hours.  Hough  finds  in  dementia  para- 
lytica that  alcohol  has  some  influence,  though  not  so  great  as  in  Craig^s 
experience. 

In  primary  lues,  all  cases  examined  are  positive  at  the  end  of  the  fourth 
week  after  the  appearance  of  the  chancre  (Swift)  ;  in  1  case,  a  positive 
Wassermann  reaction  was  found  8  days  after  exposure  and  14-  days  before 
the  initial  lesion  appeared  (Lesser).  Probably  65  to  95  per  cent  of  all 
primary  cases  will  yield  a  positive  Wassermann  reaction.  In  secondary 
lu^s,  the  Wassermann  reaction  is  positive  in  75  to  95  per  cent  of  the  cases; 
in  hereditary  lues,  in  90  to  100  per  cent  In  cerebrospinal  lues  about  90 
per  cent  of  the  patients  have  a  positive  reaction  in  the  blood  serum 
(Naegeli). 

Nearly  all  general  paretics  yield  a  positive  reaction  in  both  the  blood 
(80  to  100  per  cent)  and  the  cerebrospinal  fluid  (73  to  100  per  cent),  while 
50  to  75  per  cent  of  tabetics  yield  a  positive  reaction  in  either  the  blood  or 
the  cerebrospinal  fluid. 

In  the  following  table,  taken  from  Noguchi's  excellent  monograph,  the 
results  of  many  observers  in  the  different  forms  of  lues  are  summarized. 
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k  Campfenient-Fmition  Test  for  DiSerentiatioD  ol  Human  from  Animal  Blood 

(6en|(oa-More8clii  Phenomenon) 

Here,  use  is  made  of  complement-fixation  for  forensic  purposes  (Neisser  and 
Sachs).  It  has  the  same  value  as  the  precipitin  test  (q.  v.)  but  is  more  difficult  to 
eairy  out,  and,  though  more  sensitive,  is  less  specific  For  the  technic,  the  original 
aitielra  may  be  consulted. 


liL    Gimplement-Fixation  in  the  Diaifnosis  ol  Echinoooocos 

The  serum  of  patients  suffering  from  echinococcus  invasion  can  be  recog^nized  by 
the  use  of  the  complement-fixation  test  in  which  the  unaltered  hydatid  fluid  of 
infected  sheep  is  used  as  antigen.  Or  an  antigen  may  be  made  by  extracting  the 
walls  of  echinococcus  cysts  with  water  or  with  alcohol.  The  reaction  was  positive  in 
10  out  of  12  cases  examined  by  Thomsen  and  Magnussen.  According  to  Meyer  and 
Hahn,  it  is  a  group  reaction,  the  test  being  positive  with  different  forms  of  tenia. 
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iv.    Gmiplement-Fixation  in  the  Diaitnosis  o(  Gonococcal  Infections 

This  method,  applied  first  by  Mueller  and  Oppenheim  (1906)  has  been 
used  in  this  country  especially  by  Schwartz  and  McNeil,  O'Neil,  Kyes,  and, 
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Keidel  and  seems  to  be  valuable  in  the  diagnosis  of  chronic  gonococcal  infec- 
tions (gonococcus  arthritis,  etc). 

Cultures  of  the  gonococcus  on  salt-free  veal  agar,  neutral  to  phenolphtha- 
lein,  are  used  as  antigen ;  it  is  best  to  have  cultures  from  at  least  a  dozen 
strains,  and  to  mix  them.  For  details  of  preparation  of  the  antigen,  see 
the  article  of  Schv^artz  and  McNeil.  The  gonococcus  antigen  sold  by  Parke, 
Davis  &  Co.  is  said  to  work  well. 

Technic. — The  hemolytic  amboceptor  is  titrated  in  the  ordinary  way.  In  a 
series  of  hemolyzing  tubes  is  placed  0.5  c.c.  of  complement  (1:10).  Each  of  Uie 
tubes  then  receives  varying  amounts  of  antisheep  rabbit  serum,  and  the  total  quan- 
tity in  each  tube  is  then  brought  up  to  1.5  c.c.  with  physiological  salt  solution.  With 
a  pipet,  0.5  c.c.  of  washed  sheep's  corpuscles  (5  per  cent  suspension)  is  next  added 
to  each  tube,  so  that  the  total  volume  in  each  tube  is  now  2  c.c.  The  rack  of  tubes  is 
then  placed  in  the  thermostat  at  37°  C.  for  1  hour,  at  the  end  of  which  time  one  notes 
the  smallest  amoimt  of  hemolytic  amboceptor  that  has  caused  complete  hemolysis. 
This  amount  is  designated  1  unit  of  hemolytic  amboceptor;  in  subsequent  tests,  2 
units  are  used. 

In  titrating  the  antigen,  a  rack  containing  a  double  row  of  tubes  is  used.  Into 
each  tube  of  the  back  row  is  placed  0.1  c.c.  of  normal  human  serum  from  a  per- 
son certainly  free  from  gonococcal  infection,  while  into  each  tube  in  the  front 
row  is  placed  the  same  amount  of  human  serum  from  a  patient  suffering  certainly 
from  gonorrhea  and  known  to  have  a  serum  strongly  positive.  If  such  a  serum  be 
not  available,  the  same  amount  of  antigonococcic  serum,  prepared  for  therapeutic 
purposes,  may  be  used  in  its  place.  Increasing  quantities  of  gonococcus  antigen  are 
now  introduced  into  each  consecutive  pair  of  front  and  back  tubes,  and  the  quantity 
of  fluid  in  each  tube  brought  up  to  exactly  1  c.c,  after  which  0.5  c.c.  of  complement 
(1  part  of  guinea-pig's  serum  +  9  parts  physiological  salt  solution)  is  added.  The 
rack  of  tubes  is  then  placed  in  the  thermostat  at  37°  C.  for  1  hour,  after  which  0.5 
c.c.  of  sheep's  corpuscles  (5  per  cent  suspension)  and  2  units  of  hemolytic  ambocep- 
tor are  added  to  each  tube.  The  rack  of  tubes  is  then  replaced  in  the  thermostat  for 
another  hour,  after  which  the  tubes  are  examined;  the  smallest  amount  of  antigen 
that  has  caused  complete  inhibition  of  hemolysis  with  the  gonorrheal  serum  but 
which  has  not  interfered  with  hemolysis  with  the  normal  serum  is  called  the  unit  of 
antigen.  Two  units  of  antigen  are  used  in  subsequent  tests.  Therefore  one  should 
observe  whether  two  units  of  antigen  show  any  tendency  to  inhibit  hemolysis  in 
the  series  with  normal  serum.  If  so,  the  antigen  should  be  discarded,  and  a  fresh 
antigen  prepared. 

The  Actual  Test, — After  both  hemolytic  amboceptor  and  antigen  have  been 
titrated,  the  12  test  tubes  are  arranged  in  a  rack  as  in  the  following  iHagram : 
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Fig.  53.— Arrangement  of  Test  Tubes  for  the  Gonococcal  ComplemeDt-Flzatloa  Test, 

(After  G.  F.  Dick.) 
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The  contents  of  the  tubes  are  as  follows : 

Table  SnowiNa  Arranqbicent  or  Tubbs  fob  Complembnt-Fixation  Teot  in 

Gonococcal  Intbctions 


Tube  Number 

Patient's 
Serum  c.c. 

Normal  Senim 
c.c. 

Positive 
Serum  c.c. 

Antigen  Units 

1 

0.06 

0.1 

0.05 

0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.06 

0.1 

0.06 

0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.06 

0.1 

0  06 

0.1 

2 

2 

2 

3 

0 

4 

0 

5 

2 

6 

2 

7 

0 

8 

0 

9 

2 

10 

2 

11 

0 

12 

0 

Enough  physiological  salt  solution  is  added  to  make  the  contents  of  each  tube 
measure  1^  c.c.  The  whole  rack  is  then  placed  in  the  thermostat  at  37^  C.  for  1 
hour. 

To  each  tube  the  secondary  hemolytic  system  is  now  added,  that  is,  in  each  tube 
is  placed  2  units  of  hemolytic  amboceptor  and  0.5  c.c.  of  sheep's  corpuscles  (5  per 
eent  suspension) ,  and  the  rack  of  tubes  replaced  in  the  thermostat  for  another  hour. 

The  tubes  are  then  examined.  If  the  reaction  he  positive,  Tubes  1  and  2  and 
Tubes  9  and  10  should  show  no  hemolysis;  in  all  the  other  tubes,  the  corpuscles 
should  be  completely  hemolyzed.  If  preferred,  Noguchi's  human  system  can  be  used 
instead  of  the  sheep  system,  just  as  with  the  Wassermann  test. 

Besults  of  the  Oonococcns  Oamplement-Pixation  Test. — The  reaction 
is  rarely  positive  before  the  fourth  week  of  the  disease,  and  then  only  in 
acute  cases  with  complicating  prostatitis  or  arthritis.  Once  present,  the 
reaction  usually  persists  for  a  couple  of  months ;  should  it  be  present  still' 
longer,  it  indicates  the  persistence  of  the  infection. 

The  test  is  usually  negative  in  uncomplicated  acute  anterior  urethritis, 
but  here  smears  yield  the  positive  diagnosis. 

In  chronic  posterior  urethritis,  prostatitis,  vesiculitis  and  gonorrheal 
stricture,  5/6  of  the  cases  yield  a  positive  reaction.  (O'Neil). 

In  females,  the  majority  of  cases  of  infection  of  the  lower  genital  tract 
yield  a  positive  reaction. 

In  pelvic  infections,  the  reaction  is  also  usually  positive,  especially  if 
the  cervix  uteri  be  involved. 

In  gonorrheal  arthritis,  the  reaction  is  usually  positive. 

In  vulvovaginitis  in  children,  the  reaction  is  positive  (McXeil). 

The  test  diflFers  from  the  Wa.ssermann  reaction  in  that  it  is  biologically 
specific,  depending  upon  a  specific  antigen-antibody  interaction.  Accord- 
ingly, non-gonorrheal  cases  never  yield  a  positive  reaction  (Schwartz  and 
McNeil). 
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The  test  requires,  as  Irons  emphasizes,  a  considerable  degree  of  skill 
for  its  performance,  and  adequate  controls  are  essential.  It  is  important  to 
remember  that  a  negative  result  does  not  exclude  gonococcal  infection. 

In  cases  of  gonococcal  arthritis,  the  reaction  may  vary  from  positive  to 
negative  within  a  few  days,  but  if  in  a  case  of  arthritis  the  reaction  is  per^ 
sistently  negative  when  repeated  at  intervals  of  4  to  7  days,  it  is  strong 
evidence  against  a  gonococcal  origin. 

In  our  clinic,  and  in  Young's  urological  clinic,  this  test,  by  Keidel,  has 
been  of  considerable  help  in  differential  diagnosis. 
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3*    Tests  for  Precipitins 

Clinically,  the  precipitin  tests  are  useful  as  biological  blood  tests  in 
medico-legal  cases  (Uhlenhuth). 

Reference 
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(a)    Precipitin  Test  for  Human  Blood 

The  suspected  material  is  dissolved  in  salt  solution  and  diluted  so  that  1  cc,  on 
boiling  with  a  drop  of  25  per  cent  HNO„  shows  only  a  slight  opalescence. 

Six  small  tubes  are  placed  in  a  rack.  In  tubes  I  and  II  are  placed  1  c.c.  of  the 
solution  of  the  suspected  material,  in  Tubes  III  and  IV,  1  c.c.  of  diluted  cat's  or 
dog's  blood,  in  Tube  V,  1  c.c.  of  salt  solution,  and  in  Tube  VI,  1  c.c.  of  a  1 :  1000 
solution  of  human  blood.  Next,  0.1  c.c.  of  serum  from  a  rabbit  immunized  against 
human  blood  is  added  to  each  of  the  tubes  except  Tube  II,  which  receives  0.1  c.c.  of 
normal  rabbit's  serum.  The  serum  added  is  allowed  to  flow  down  the  side  of  each 
tube.  The  tubes  are  left  at  the  room  temperature,  without  shaking,  for  20  minutes, 
and  then  examined.  If  the  suspected  material  is  human  blood,  a  precipitate  will 
be  seen  in  Tubes  I  and  VI,  while  Tubes  II,  III,  IV  and  V  will  remain  clear. 

The  test  is  very  sensitive ;  dried  blood-stains  60  years  old,  or  older,  are 
recognizable. 
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(6)    Precipitin  Test  for  Meningococcal  Infection 

Yincent  and  Bellot  have  devised  a  diagnostic  test  for  epidemic  cerebrospinal 
meningitis  dependent  upon  a  precipitin  reaction.  They  add  1  drop  of  antimeningo- 
eoccns  serom  to  3-6  c.c.  of  cerebrospinal  fluid  (cleared  by  centrifugation),  and  allow 
to  stand  for  8-12  hours  at  50^-53^  C.  A  precipitate,  it  is  asserted,  indicates  a  men- 
ingococcic  infection,  even  in  the  absence  of  meningococci  from  smears  and  cultures. 


4.    Tests  for  Immune  Opsonins  (Baderiotropins) 

Technic. — ^Leukocytes,  serum  and  bacteria  in  definite  proportions  are  mixed  in 
a  test  tube  Phagocytosis  occurs,  the  leukocytes  engulfing  the  bacteria.  Stained 
preparations  are  made  and  100  leukocytes  counted,  as  well  as  the  number  of  bacteria 
visible  within  them.  The  average  number  per  leukocyte  is  called  the  phagocytic 
count,  while  the  number  obtained  by  dividing  this  by  the  phagocytic  count  as 
obtained  in  a  normal  person  is  called  the  opsonic  index;  thus,  if  the  average  number 
of  oiganisms  per  cell  is  5  when  the  patient's  serum  is  used  and  is  10  when  nor- 
mal serom  is  used,  the  opsonic  index  of  the  patient  for  the  particular  bacterium  used 
will  be  0.5.  According  to  Wright  and  Bulloch,  the  opsonic  index  in  normal  persons 
varies  between  0.8  and  1.2. 

The  technic  is  difficult  and  time-consuming  and  only  laboratory  men  working 
constantly  with  it  can  obtain  reliable  results.    The  diagnostic  value  is  much  disputed. 

In  our  clinic,  we  gave  the  methods  a  fair  trial  (Cole  and  others)  and  have 
abandoned  them  as  far  as  practical  clinical  work  is  concerned.  When  variations  in 
index  beyond  the  limits  of  error  occur,  other  changes,  easier  to  recognize,  will  per- 
mit of  a  diagnosis.  The  details  of  the  technic  can  be  found  in  Wright's  articles,  and 
also  in  C.  E.  Simon's  Infection  and  Immunity. 


3.    Tests  (or  Er^ins 

When  the  human  body  is  in  an  allergic,  or  anaphylactic,  state,  inocula- 
tion with  the  corresponding  antigen  (or  allergin)  calls  forth  a  specific  reac- 
tion, probably  due  to  union  of  the  allergin  with  certain  specific  antibodies 
(ergins). 

Certain  clinical  allergic  tests  are  much  in  use;  notably  (1)  the  tuher- 
cnlin  tests,  (2)  the  luetin  test,  (3)  Austrian's  ophthalmo-reaction  in 
typhoid,  and  (4)  Pfeiffer's  anaphylactic  protein  test. 
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(a)    Tuberculin  Te$ts 
i.   SabartaneiHis  TnbercuUii  Reaction  (Koch) 

When  old  tuberculin  (Koch)  is  iDJected,  subcutaneoualy,  into  healthy 
people,  considerable  quantities  can  be  borne  without  any  symptomB,  while 
luberculous  patients  react  to  very  small  dosea  (0.1-1  mg. )  with  outspoken 
symptoma. 

Three  forms  of  reaction  are  distingiiiabed :  (1)  a  general  reaction,  (2)  a 
focal  reaction,  and  (3)  a  puncture  or  local  reaction. 

General  Reaction. — Fever,  malaise,  headache,  pains  in  the  limbs,  palpi- 
tation, nausea  and  vomiting.  The  most  important  symptom  is  the  rise  of 
temperature. 


Fig.  C4. — CtMrt  lUaitratlDB  a  CharactprlHlIc  Tub^rruIlD  Rractton.     (From  L.  Haminin  ind 
H,  Wo] man.) 

Focal  Beactlon. — Evidences  of  irritation  in  the  diseased  tissue ;  thus,  in 
pulmonary  tuberculosis,  increased  rales,  cough,  and  sputum;  or,  in  ivher- 
culosis  of  the  skin,  eye  or  larynx,  a  visible  flare-up  of  the  inflammatory 
process. 

Ponottire  Reaction,  or  Local  Reaction. — Itedness  and  swelling  and  pain 
at  the  site  of  the  aseptic  injection.  The  regional  lymph  glands  are  often 
swollen  and  tender. 

In  makii^  this  test,  the  patient  should  be  afebrile,  and  the  temperature  should 
be  recorded  every  2  hours  during  the  48  hours  preceding.    On  the  third  day,  the  dose 
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is  admiiiiBtered  sabcutaneonaly,  pref- 
erably in  the  back  (between  the  scap- 
dIs).  It  is  best  to  give  1/5  mg.  aa 
the  initial  doee,  1  mg.  as  the  second, 
SEil  5  mg.  as  the  end  dose  in  adults 
(Hunman  and  Wahnan),  at  intervals 
of  3  days  when  more  than  one  dose 
is  required.  A  rise  of  temperature 
to  100°  P.,  or  h^faer,  ia  r^arded  as 
a  positive  reaction.  As  a  diluent  of 
tbe  tabercnlin,  0.8  per  cent  salt  solu- 
tion, eontaining  0.25  per  cent  car- 
bolic acid,  is  used. 

If  there  be  no  reaction  after  three 
injections  given  aa  above,  it  can  be 
BSBimied  that  the  patient  is  free  from 
wdre  tuberculosis.  The  test  is  con- 
tra-indicated after  hemoptysis  or 
bematuria.  Careful  physical  exam- 
inations of  the  patient  should  be 
made  jost  before  each  injection  is 
given  and  the  results  closely  com- 
pared with  the  findings  after  the 
tot 

ii.  QriuMoiia    TnberctiliB  Readim 
(voD  Pirquel) 

This  is  especially  useful  for 
the  diagnoaia  of  tiiberculoais  in 
Toung  children. 

Teclmic. — Cleanse  the  skin  of  the 
fleior  surface  of  the  forearm  with 
aicoiwi  or  ether ;  apply  a  small  drop 
of  old  tuberculin  at  each  of  two 
points  about  10  cm.  apart.  With 
von  Pirquet's  "borer,"  or  with  a 
aeedle,  or  the  point  of  a  scalpel,  make 
a  niperfidal  abraHon,  first  in  the 
lUn  midway  between  the  two  drops, 
and  then  in  the  center  of  each  drop 
ot  tuberculin.  It  is  best  to  avoid  free 
bleeding;  it  is  enough  to  scarify  so 
that  a  few  small  points  of  blood  ap- 
pear. Leave  exposed  to  the  air  for 
5  to  10  minutes ;  this  insures  the  maz- 
imnm  amount  of  absorption.  Then 
feotly  wipe  with  absorbent  cotton, 
avtriding  the  control  point.  No  dress- 
iif  is  required. 

After  24  hours  the  inoculated 
pinnta  are  carefully  compared  with 


^^ 
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the  control  between  them.  If  the  borer  has  been  used,  the  control  shows  a  tnm- 
matic  reaction ;  if  the  inflammatory  areola  be  5  millimeters  or  more  wider  than  the 
control,  the  reaction  is  definitely  positive.     (See  Plate  III,  Fig.  4.) 

In  scrofulous  children,  the  skin  about  the  area  of  reaction  may  show  a 
number  of  small  elevated  nodules,  and  similar  nodules  may  appear  at  the 
same  time  upon  the  limbs  and  trunk.  The  reaction  is  specific.  Tubercu- 
lous patients  react  unless  the  tuberculosis  be  (1)  very  acute  (general  mili- 
ary tuberculosis,  tuberculous  meningitis,  galloping  phthisis),  (2)  the  end- 
stage  of  a  chronic  process,  or  (3)  associated  with  other  acute  infections. 

For  diagnostic  purposes,  the  reaction  is  very  valuable  in  schools,  and  in 
children  under  two  years  of^age ;  in  older  children  and  in  adults,  it  is  posi- 
tive in  more  than  70  per  cent  of  all  examined,  and  is,  therefore,  of  no  diag- 
nostic value  in  them. 

Other  TvhercvXin  Reactions  Applied  to  the  Skin 

These  include  (a)  the  percutaneotis  tuberculin  test  (Moro),  in  which  50  per 
cent  tuberculin-lanolin  is  rubbed  into  the  skin  for  1  minute,  and  (b)  the  intraeuUh 
neous  tuberculin  test  (Mendel-Mantouz),  in  which  a  dilute  solution  of  old  tuber- 
culin is  injected  into  the  skin  through  a  fine  needle,  as  in  the  Schleich  method  of 
local  anesthesia.  The  information  furnished  by  this  test  is  intermediate  in  value 
between  that  given  by  the  conjunctival  and  the  cutaneous  tests. 

The  so-called  differential  cutaneous  reaction  of  Detre,  intended  to  decide 
between  human  and  bovine  tuberculosis,  is  of  doubtful  value. 

Attempts  dX  quantitative  tuberculin  tests  for  determining  the  degree  of  sensitive- 
ness have  been  made  by  White  and  Graham,  by  White  and  Van  Norman,  and  by 
Boardman. 

iii.    Gmjanctival  Tabercdin  Test  or  Ophthafano-ReactioD 

(Cafanette;  WoUE-Eisner) 

In  this  test,  a  salt-solution  dilution  of  tuberculin  is  instilled  into  the 
conjunctival  sac.  The  appearance  of  a  conjunctivitis  in  12  to  24  hours  is 
the  criterion  of  a  positive  reaction. 

Technic. — Freshly  prepared  sterile  dilutions  (1:100;  5:100)  of  old  tuberculin 
(Hochst)  in  normal  salt  solution  are  used.  -  The  eyes  are  inspected  to  exclude  dis- 
ease and  to  make  sure  that  the  conjunctivae  of  the  two  sides  correspond  in  appear- 
ance. The  lower  lid  is  drawn  forward  while  the  patient  looks  lateralward,  and  1 
drop  of  the  weaker  solution  is  placed  at  the  medial  canthus  with  an  eye-dropper  (or, 
better,  with  Baldwin's  capillary  pipet),  avoiding  lacrimation.  Examine  at  the  end 
of  24  hours. 

Three  groups  of  positive  reactions  are  distinguished : 

1.  Mild  reaction:  Redness  at  the  medial  canthus  (caruncle),  and  on 
the  inner  surface  of  the  lower  lid. 

2.  Medium  reaction:  The  same,  plus  involvement  of  the  conjunctiva 
bulbi. 
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3.    Violent  reaction:  Purulent  conjunctivitis,  rarely  with  vesicles. 

If  the  reaction  be  negative,  a  drop  of  the  5  per  cent  solution  may  be 
placed  in  the  other  eye.  If  it  yield  a  positive  reaction,  not  much  stress  is 
laid  upon  it,  but  if  it  yield  a  negative  reaction,  this  speaks  strongly  against 
active  tuberculosis. 

Precautions. — The  conjunctival  test  should  never  be  repeated  in  the 
same  eye  for  fear  of  overwhelmingly  severe  reaction,  due  to  local  sensitiza- 
tion. The  test  should  not  be  made  if  the  eye  be  in  any  way  diseased,  or  if 
the  adjacent  skin  be  affected.  It  is  also  best  avoided  in  manifestly  scrofu- 
lous children  and  in  aged  persons.  If  these  precautions  be  observed,  one 
may,  in  my  experience,  use  the  ophthalmic  test  without  fear  of  untoward 
symptoms. 

Value  of  the  Ophthalmo-Beaction. — I  lay  great  stress  upon  a  positive 
reaction  with  1  per  cent  solution  as  indication  of  the  presence  of  "clinical'^ 
tuberculosis.  A  negative  result  with  1  per  cent  solution  is  of  but  little 
value,  but  a  negative  result  with  6  per  cent  solution  is  of  real  value  in 
helping  to  exclude  clinical  tuberculosis. 
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(6)    Epiphanin  Reaction  (Weichardt) 

The  presence  of  either  antigen,  or  of  antibodies,  in  minute  traces  can  be  demon- 
strated by  the  epiphanin  reaction  (Weichardt),  which  depends  upon  the  accelera- 
tion of  diffusion  when  antigen  and  antibodies  are  brought  together  in  certain 
dilutions. 

The  test  can  be  made  with  Weichardt's  diffusiometer  (ZentralbL  f.  d.  gesamte 
Phys.  u.  Path.  d.  Stoffwechsels,  1911,  Nr.  9).  It  has  been  made  more  delicate  by 
inbt>ducing  a  second  system  (Ba(OH),  and  H^SOJ  and  noticing  whether  there  is  a 
dislocation  of  the  end-reaction  with  phenolphthalein  as  indicator,  as  contrasted  with 
controls,  through  the  antigen-antibody  union.  We  probably  have  to  deal  here  with 
absorption  changes  of  a  changing  colloid  (Schade). 

The  simpler  modification  of  the  test  suggested  by  v.  Angerer  and  Stotter  (1912) 
is  the  one  now  generally  used. 
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(c)    Meiostagmin  Reaction  (Ascoli) 

This  reaction  depends  on  the  principle  that,  on  adding  antigen  to  diluted  serum, 
changes  occurring  in  a  colloid  system  can  be  recognized  by  changes  in  the  surface- 
tension  of  the  fluid.  In  case  the  antigen  unites  with  antibodies  in  the  serum,  the 
surface-tension  is  diminished.  This  can  be  measured  by  dropping  the  serum  from  a 
small  tube  (Traube's  stalagmometer).  The  drops  become  smaller  and  their  number 
g^reater. 
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Aacoli  (ilfO*    ^^  spezifische  Meiostagminreaktion;  eine  physiologisch-chemische  Immuni' 

tdtsreaktion.    MUnchen.  med.  Wchnschr.,  1910,  Mi,  62. 

(d)    Potasaiunt'Iodid'Starch  Method  for  Measuring  the  Excitation 
of  Catalyser  Action  by  Proteotoxic  Substances 

{Weichardt  and  Kelber) 

deavage  products  of  proteins  and  other  toxic  substances  can  influence  catalysers 
such  as  hemoglobin  and  colloidal  metals  (e.  g.,  colloidal  osmium)  in  a  charact^istie 
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way.  This  inflaence  on  the  catalyser  can  be  measured  quantitatively  by  the  method 
of  Weichardt  and  Eelber.  (See  original  article,  Miinch.  med.  Wchnschr.,  1912, 
Nr.  35.) 

These  tests  may  be  valui^ble  for  investigative  work,  but  as  yet  are  not  clinically 

appHeable. 

(e)    Luetin  Test  (Noguchi) 

This  is  a  cutaneous  reaction  for  syphilis  similar  to  the  intracutaneous 
test  for  tuberculosis.  The  luetin  is  injected  with  a  fine  needle  just  beneath 
the  epidermis,  the  needle  being  advanced  for  a  short  distance.  The  devising 
of  the  test  became  possible  after  Noguchi  grew  Treponema  pallidum  in  pure 

culture. 

Technic. — ^Luetin  consists  of  killed  cultures  of  Treponema  pallidum  in  thin 
emulsion.  As  a  control  fluid,  a  preparation  made  from  the  sterile  culture  medium  is 
employed.  The  arms  are  sterilized  with  alcoholic  sublimate  solution.  The  left  arm 
is  injected  intradermally  with  0.07-0.10  c.c.  of  luetin  at  two  points  5  cm.  apart.  The 
right  arm  is  similarly  injected  with  the  control  fluid.  In  non-syphilitic  indi- 
viduals, the  reactions  (traumatic)  are  identical  in  the  two  arms,  appearing  as  a  small 
rosy  areola,  with  or  without  slight  swelling,  from  24  to  48  hours  after  injection, 
and  disappearing  within  48  hours  without  induration.  In  syphilitic  patients,  the 
reactions  may  differ  markedly  on  the  two  sides.  At  the  site  of  the  luetin  injection 
a  large  reddish,  indurated  papule  may  appear  in  24  to  48  hours,  about  7  to  10  nun. 
in  diameter;  it  increases  in  size  and  becomes  surrounded  by  a  red  zone  (papular 
reaetion).  It  may  require  4  to  5  days  for  evolution  and  then  gradually  undergo 
involntioD,  turning  bluish  red,  then  fading,  to  disappear  entirely  in  about  2  weeks. 
Or,  it  may,  about  the  fourth  day,  become  vesicular,  and  a  day  or  two  later  purulent 
(puitular  reaction) .  In  this  case,  the  pustule  usually  ruptures,  and  a  crust  forms; 
&fter  the  crust  falls  off,  an  indurated  nodule  remains  for  weeks  or  months.  This 
pustular  type  of  reaction  is  conunon  in  late  hereditary  syphilis,  in  tertiary  lues,  and 
io  secondary  lues  after  treatment  with  salvarsan. 

In  rare  instances,  the  reaction  seems  to  be  negative  at  first,  but  after  10  days,  or 
later,  the  inoculated  points  become  markedly  inflamed,  sometimes  with  pustule  for- 
nuition  (torpid  form  of  reaction) . 

Value  of  the  Reaction. — The  Noguchi  luetin  test  seems  to  be  especially 
serviceable  in  the  recognition  of  (1)  congenital  lues,  (2)  latent  syphilis, 
and  (3)  the  late  stages  of  lues  in  adults.  The  method  has  been  carefully 
controlled  in  the  clinic  in  which  I  work  by  Wolfsohn  (1912),  who  found 
that,  in  tabes  and  in  dementia  paralytica,  the  reaction  may  be  delayed  for 
from  9  to  30  days.  A  reaction  sometimes  occurs  at  the  control  site,  espe- 
cially in  tertiary  lues,  "the  luetin  test  is  a  good  supplement  to  the  Wasser- 
mann  reaction  since  it  often  yields  positive  reactions  in  the  luetic  conditions 
in  which  the  Wassermann  reaction  is  occasionally  negative. 

Long  continued  treatment,  still  short  of  cure,  tends  to  render  the  luetin 
reaction  more  evident ;  while  it  makes  the  Wassermann  reaction  negative. 
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(/)    Typhoprotein  Conjunctival  Test,  or  Typhoid'Ophthalnuh 

Reaction  (Chantemesse;  Austrian) 

The  method  is  of  value,  especially  if  the  antigen  be  prepared  by  Aus- 
trian's method  (10  mg,  of  dry  bacillary  protein  added  to  1  c.e,  distilled 
water). 

Teohnio. — One  drop  of  a  solution  of  the  dry  bacillary  protein  (0.0005  gram)  b 
instilled  into  the  conjunctival  sac  after  slightly  everting  the  lower  Ud,  and  the 
eye  examined,  at  short  intervals,  during  the  first  24  hours.  Two  kinds  of  reac- 
tion are  met  with:  (a)  the  typical  diagnostic  reaction  and  (b)  the  atypical  non- 
diagnostic reaction. 

Typical  or  Diagnostic  Keaction. — This  appears  in  1  to  5  hours 
after  instillation,  and  is  usually  maximal  within  6  to  10  hours  (injection  of 
vessels  of  conjunctiva  of  lower  lid,  reddened  or  purplish  caruncle,  slight 
edema  of  lid,  drop  of  pus).  Usually  the  conjunctiva  of  the  lower  lid  shows 
a  bright  purple  color  and  looks  velvety.  There  is  slow  subsidence  after  10  to 
20  hours.  It  may  require  10  days  for  complete  subsidence.  There  is  no 
pain  or  photophobia.    The  congestion  persists  for  at  least  24  hours. 

Atypicai.,  Non-Diagnostic  Reaction. — Normal  persons,  and  patients 
other  than  typhoids,  may  show  an  atypical  or  non-specific  reaction  (greater 
injection  of  conjunctiva  bulbi,  more  pus)  ;  less  reaction  in  palpebral  con- 
junctiva and  caruncle,  fading  rapidly  in  4  to  14  hours. 

Value  of  Reaction. — When  typical,  it  agrees  closely  with  the  results  of 
blood  cultures,  helping  to  establish  the  diagnosis  earlier  in  the  disease  than 
the  Widal  reaction. 
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(g)    Anaphylactic  TeH  for  Protein  (PfeUTer) 

For  forensic  purposes,  the  anaphylactic  phenomenon  in  the  guinea-pig, 
as  shown  either  by  death  in  convulsions  from  anaphylactic  shock,  or  by  a 
s::dden  fall  of  temperature  or  fever,  with  fall  of  blood-pressure  and  later 
eosinophilia  may  be  utilized  for  testing  a  suspected  protein.  A  guinea-pig 
is  injected  with  0.1  c.c  of  blood  serum,  or  with  a  small  amount  of  protein 
of  known  origin.  After  14  to  21  days,  1.0  to  2.0  cc.  of  a  solution  of  pro- 
tein,  suspected  to  be  the  same  as  that  by  which  the  animal  has  been  sensi- 
tized, is  injected.  If  the  suspicion  be  correct,  the  guinea-pig  will  show  a 
marked  fall  in  temperature  and  will  probably  die  in  acute  anaphylactic 
shock.  This  method  can  be  employed  instead  of  the  precipitin  method, 
especially  if  the  material  has  undergone  marked  change.  Briick  has  used 
the  met&oj  of  passive  anaphylaxis  to  demonstrate  idiosyncrasy  to  antipyrin. 


Section  II 
SPECIAL  DIAGNOSIS  OF  THE  INFECTIOUS  DISEASES 

A  bird's-eye  view  of  the  principal  infectious  diseases  and  the  etiological 
agents  concerned  in  them  can  be  obtained  by  a  study  of  the  following  tables. 

ETIOLOGICAL  AGENTS  IN  THE  PEINCIPAL  INFECTIOUS 

DISEASES 

L    Vegetable  Micboobganisms 

(a)   Cocci  as  Infectious  Agents 

i.  Streptococcus:  Erysipelas;  anginas;  phlegmons;  septicemias;  peri- 
tonitis ;  endocarditis  acuta ;  endocarditis  lenta ;  bronchopneumonia : 
acute  rheumatic  fever. 

iL    Staphylococcus:  Furunculosis ;  septicemias,  and  especially  pyemia; 

endocarditis ;  osteomyelitis, 
iii.    Pneumococcus:  Croupous  pneumonia;  otitis;  meningitis;   perito- 
nitis; endocarditis;  arthritis;  pericarditis;  empyema. 

iv.  Oonococcus:  Urethritis;  prostatitis;  epididymitis;  orchitis;  pye- 
litis; vulvovaginitis;  pelvic  peritonitis;  salpingitis;  endometritis; 
endocarditis;  polyarthritis;  ophthalmia  neonatorum. 

V.    Meningococcus:  Epidemic  cerebrospinal  meningitis;  polyarthritis. 

vi.    Micrococcus  mellitensis:  Malta  fever. 

(6)    Bacilli  as  Infectious  Agents 

i.    Pneumohacillus  (Friedlander) :   Pneumonia;  serositis;  meningitis, 
ii.    Scleroma  Bacillus:  Ehinoscleroma. 
iii.    Bacillus  anthracis:  Anthrax, 
iv.    Bacillus  edemce  malignce:   Malignant  edema. 
V.    Bacillus  aerogenes  capsulatus  (Welch  and  Nuttall)  :  Gas  gangrena 
vi.    Bacillus  tetani:  Tetanus. 

vii.    Bacillus  influenzce:    Influenza    (nasopharyngitis;   paranasal   sinu- 
sitis;   bronchitis;    bronchopneumonia;    meningitis;    encephalitis; 
endocarditis,  etc.). 
viii.    Bacillus  of  Bordet  and  Oengou:  Whooping-cough. 
ix.    Bacillus  pestis:  Bubonic  plague  (bubo;  sepsis;  pneumonia). 
X.    J^acittus  typhosus:  Typhoid  fever, 

180 


ETIOLOGICAL  AGENTS  IN  INFECTIOUS  DISEASES    181 

zi.  Bacillus  paratyphosus  A  and  B  and  Manchuriensis :   Paratyphoid 

fever, 
xii.   Bacillus  coli  communis:  Peritonitis;  cholangitis;  pyelitis;  cystitis. 
xiii.   Bacillus  dysenierice  (Shiga;  Flexner) :   Bacillary  dysentery, 
xiv.  Bacillus  of  Ducrey:  Soft  chancre  (ulcus  moUe). 
xr.  Bacillus  diphiherice  (Loeffler)  :  Diphtheria  (throat;  nose;  larynx), 
xvl   Bacillus  pyocyaneus:    Green  pus;  various  inflammations, 
xvii.   Bacillus  mallei:    Glanders  (skin;  lymphatics;  lungs,  etc.). 
xviiL   Bacillus  tuberculosis  (Koch)  :   Tuberculosis  (general  miliary;  pul- 
monary;   meningeal;    serosal;    articular ;.  cutaneous ;    urogenital^ 
etc), 
xix.  Bacillus  leprae:  Leprosy. 

XX.  Bacillus  choleras  asiaticce  (Koch) :   Asiatic  cholera, 
xxi.   Bacillus  lacti  morhi:  Milk  sickness, 
xxil  Bacillus  proteus  vulgaris:    Acute  infectious  jaundice   (epidemic 

catarrhal  jaundice;  WeiFs  disease), 
xxiii  Bacillus  typhi-exanthematici:    Typhus  fever. 

(c)     Coarser  Forms  of  Fungi  as  Infectious  Agents 

L  Eyphomycetes: 

(a)  Aspergillus:    Aspergillosis  (lungs;  skin;  ear;  nose;  cornea). 

(b)  Mvxor:    Mucor-mycosis  (lung;  ear;  intestine). 

(c)  Achorion:    Favus  (skin;  sepsis). 

( d )  Tricophyton :    Ringworm. 

(e)  Microsporon  furfur-'    Pityriasis  versicolor. 

(f)  Microsporon  minutissimum:    Erythrasma. 
11.  Blastomycetes: 

(a)  Blastomyces  and  Oidium:    Dermatitis ;  metastatic  granuloma. 

(b)  Thrush  fungi:  Thrush  (parasitic  stomatitis), 
iii.   Sporotrichum  or  Sporothrix:  The  Sporotrichoses, 
iv.  Streptothrix  (The  Streptotrichoses)  : 

(a)  Streptothrix    actinomyces:     Actinomycosis     (head;     neck; 
lungs;  intestines;  bones). 

(b)  Mycetoma  fungi:  Madura  foot. 

(c)  Other  Streptothrix  forms:  The  pseudo-actinomycoses. 

(d)  Discomyces:  The  Gougerot-Carougeau  nocardiosis. 

11.    Animal  Micboorganisms  (Protozoa) 

(a)    Rhizopoda  as  Infectious  Agents 

i  Entameba  histolytica: 

(a)  Amebic  dysentery. 

(b)  Tropical  liver  abscess. 

(c)  Pyorrhea  alveolaris. 
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(b)   Mastigophora  as  Infectious  Agents 

i.    Trypanosomidw : 

(a)  Trypanosoma   gambiense:    Sleeping   sickness;   trypanosome 
fever. 

(b)  Typanosoma  rhodesiense:  Kaodzera. 

(c)  Schizotrypanum  cruzi:  Chagas^  disease, 
ii.    Piroplasmidce : 

(a)  Leishmania  (donovani)  :   Kala-Azar. 

(b)  Leishmania  (infantum)  :  Infantile  Kala-Azar. 

(c)  Leishmania  (tropica)  :    Oriental  sore  (Delhi  boil), 
iii.    Plasmodidce: 

(a)  Plasmodium  vivax:  Tertian  malaria. 

(b)  Plasmodium  malariw    (Laveran) ;  Quartan  malaria. 

(c)  Plasmodium  immaculatum  (sive  prcecox)    (Grassi  and  Fe- 
letti):    Estivo-autumnal  malaria. 

iv.  Spirochceta  obermeieri,  duttoni,  novyi,  carteri:  Relapsing  fever. 

V.  Treponema  pallidum   (Spirochceta  pallida) :    Syphilis   and  para- 
syphilis, 

vi.  Treponema  pertenu:  Yaws  or  f rambesia. 

vii.  Treponema  pallidum:  Granuloma  venereuna. 

viii.  Oangosa. 

ix.  Verruga  peruana. 

X.  Bartonia  bacilliformis:  Oroya  fever. 

(c)    Sporozoa  as  Infectious  Agents 

III.       FiLTRABLE   ViRUSES    (UlTRAMICROSCOPIC) 

(a)  Pasteur's  Virus:  Rabies  (hydrophobia;  lyssa). 

(b)  Reed,  Carroll  and  Agramonte's  Virus:  Yellow  fever, 
(e)    Ashbum  and  Craig's  Virus:  Dengue  fever. 

(d)  Flexner    and    Noguchi's    Virus:     Poliomyelitis     (Heine  -  Medin 

disease). 

(e)  Loefjler  and  Frosch's  Virus:  Stomatitis  epideraica  (foot  and  mouth 

disease);  Doerr  and  Russ's  Virus:  Pappataci  fever;   Peyton 
Rous' s  Virus:  Sarcoma. 

IV.    Unknown   Infectious  Agents 

(a)  The  Acute  Exanthemata 

i.  Scarlet  fever. 

ii.  Measles, 

iii.  Rubeola, 

iv.  Rubeola  scarlatinosa  (Fourth  Disease). 
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V.  Chickenpox  (Varicella). 

vi  Smallpox  (Variola), 

vii.  Vaccinia  (Cowpox  and  vacination). 

viii.  Sweating  Sickness  (Febris  miliaris). 

ix.  Rocky  Mountain  Spotted  Fever. 

(6)  Non-exanthematovs  Diseases 

L  Mumps  (Parotitis  epidemica). 


L    DISEASES  DUE  TO  VEGETABLE   MICROORGANISMS 


A.    Diseases  Due  to  Cocci 


L    Diseases  Due  to  Strepti 


I  ••  I  »• 


The  pathogenic  streptococci^  more  often  than  any  other  bacteria,  are  the 
cause  of  septicania.  Over  60  per  cent  of  general  infections  in  which  bac- 
teria can  be  grown  from  the  blood  are  due  to  streptococci.  (Plate  III, 
Figs.  2  and  3.) 

These  cocci  grow  in  shorter  or  longer  chains.  They  do  not  decolorize 
by  Gram.    They  grow  well  on  ordinary  media,  not  liquefying  gelatin. 

Several  varieties  of  streptococci  are  diflferentiable  by  cultivation  on 
blood-agar  plates,  in  which  they  show  diflferences  (1)  in  hemolysin  forma- 
tion and  (2)  in  pigment  production  (Schottmiiller). 

1.  Streptococcus  pyogenes  or  Streptococcus  vnlgaris  hemolyticns. 
— Each  colony  in  the  blood-agar  plate  is  surrounded  by  a  circular  clear  area, 
due  to  the  absorption  of  hemoglobin  (hemolysis). 

2.  Streptococcns  viridans. — ^This  grows  more  slowly  on  blood-agar 
plates,  often  not  appearing  for  several  days.  The  colonies  develop  as  fine 
greenish  points,  in  the  depth  usually  smaller  in  size  than  the  head  of  a  pin. 
Those  on  the  surface  may  be  somewhat  larger,  and  are  blackish  green  or 
gray.  There  is  no  clear  area  of  hemolysis  about  the  colony.  Milk  is  coagu- 
lated in  from  1  to  3  days. 

3.  Streptococcus  pntridiu. — Strictly  anaerobic ;  does  not  cause  hemol- 
ysis on  blood-agar  plates.  Cultures  have  a  foul  odor  (HgS).  Colony 
white.    Does  not  coagulate  milk.    Non-pathogenic  for  animals. 

4.  Streptococcns  mncosns. — Cocci  in  capsulelike  hull.  Aerobic,  and 
facnltative  anaerobe.  Milk  coagulated  in  24  to  48  hours.  Colonies  on 
Uood-agar  dark  green;  larger  than  head  of  a  pin  in  24  hours.  Highly 
pathogenic  for  animals  (white  mice,  rabbits). 

Of  the  above  four  varieties,  the  first,  or  Streptococcus  Jiemolyticus,  is 
the  most  common  cause  of  sepsis ;  Streptococcus  viridans  is  the  cause  of 
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subacute  infectiouB  endocarditiB  (endocarditis  leonta),  while  Streptococaa 
puiridus  is  often  the  septic  agent  in  infections  following  abortion. 
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(«)   Streptoeoeeal  Septicemia 

The  cocci  causiog  septicemia  may 
enter  the  blood  (1)  through  the 
uTOgenital  tract,  especially  in  puer- 
peral sepsis,  (2)  through  the 
throat  (after  tousillitis,  diphtheria, 
scarlatina),  (3)  through  the  middle 
ear  (otogenous  sepsis),  (4)  through 
the  skin  (wounds,  erysipelas),  (5) 
occasionally,  through  the  lungs  and 
pieurfl,  or  (6)  through  the  digestive 
tract  (ulcers  after  typhoid  or  dysen- 
tery. 

Metastatic  infections  of  the  or- 
gans are  rare  in  streptococcal  sepsis, 
though  common  in  staphyloccocal  sep- 
sis. Purulent  metastases  may,  how- 
ever, occur  in  the  joints  or  lungs. 
Endocarditis  is  a  common  complica- 
tion. The  fever  is  usually  markedly 
remittent ;  it  may  be  continuous  or 
intermittent.  Not  infrequently  e 
hemorrhagic  diathesis  develops,  and 
a  petechial  or  purpuric  rash  is  seen 
on  the  skin. 
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(b)    Endocarditis  lenta  (Subacute  Infectious  Endocarditis) 

Sjrmptoms. — Onset  insidious ;  slight  fever  at  first,  later  high  and  inter- 
mittent with  or  without  chills;  gastro-intestinal  disturbances  common; 
sweating ;  progressive  weakness  and  emaciation ;  signs  of  valvular  disease 
usually  present  but  often  lacking ;  palpable  spleen ;  pains  in  bones,  joints,  or 
muscles;  tenderness  over  lower  sternum;  progressive  anemia;  painful 
erythematous  nodules;  sallow  facies;  pigmentation;  petechise.  The 
patients  have  nearly  all  had  rheumatic  endocarditis  in  earlier  life. 

Diagnosis. — This  is  usually  easy  if  the  blood  culture  is  properly  made 
(Streptococcus  viridans).  In  the  differential  diagnosis,  rheumatic  endo- 
carditis, typhoid  fever,  malarial  fever,  tuberculosis,  and  Banti's  disease, 
should  be  considered.     (See  next  page.) 


For  the  Differentiation  of  the  ENDocARDms-CJocci,  the  Following  Table 

IS  Useful  (Austrian) 


Pnbumococcus 

Streptococcus 

Cocci  OF  ENDOCARDmS  LENTA 

A 

B 

Capsule 

1.  Diagnostic 

or 

2.  Not  present 

1.  Non-diagnostic 

or 
2.  Not  present 

Not  present 

Not  prment 

Gram 

Positive 

Positive 

Positive 

Positive 

Blood-plates 

Green,    no    clear 
zone 

1.  Gray,     clear 

zone,  or 

2.  Green,        no 
clear  zone,  or 

3.  Moist    white 

growth 

1.  Green,  no  clear  zone 

or 

2.  Moist  or  dry  white  growth,  no 

clear  zone 

Inulin  fernientation 

+ 
(occasionally  — ) 

-  (rarely  +) 

+ 

— 

Precipitation 
Serum,    Glucose- 
AiHir 

-  (rarely  -f ) 

-f 

+ 

4- 

■'^o*** .  • 

Solution  by  Bile. . . 

+ 

— 

— 

— 

Appearance  in   1st 
culture 

24-48  hrs. 

24^48  hrs. 

24-9fihra. 

Usually  late, 
more   poorly   th 
streptococci 

Smaller  and  grow 
an    pneumo-  or 

Libman  considers  these  endocarditis-cocci  as  attenuated  streptococci. 
Rosenow  regards  them  as  attenuated  pneumococci.     SchottmUUer  regards  them  as 
Streptococcus  mitior  or  viridans. 
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Prognosis. — The  disease  is  nearl;  always  fatal,  but  tbe  fever  ma;  cun- 
tinue  for  months  or  even  1  to  2  years  before  death. 
Note. — For  further  description  and  referenoes,  see  Part  VI. 

(c)    ErysipelaM 

Definition. — Erysipelas  is  an  acute  inflammation  of  the  skin,  spreading 
through  the  Ij-mpbaties,  nearly  always  due  to  Streptococcus  hemolytictts. 

Symptoms — The  streptococcus  entets  through  some  email  lesion  on 
skin   or  mucous    membrane, 

very  often  on  the  face,  fol-  l_,^o  Q.  QC't.^O 
lowing  a  scratch,  insect  bite, 
or  an  excoriation  about  the 
nose  or  lip.  The  erysipela- 
tous dermatitis  may  occur  on 
any  part  of  the  body  from 
infection  of  a  wound,  or  of 
an  ulcer.  It  is  not  uncom- 
mon, in  the  new  bom,  at  the 
nmbilicua. 

The  incubation  period 
varies  in  length  from  a  few 
honrs  to  3  to  7  days.  The 
onset  is  usually  sudden,  with 
chiD,  fever,  and  vomiting. 
A  sharply  limited  area  of 
redness  appears  on  the  skin 
of  the  face,  trunk,  or  ex- 
tremities. This  area  is 
swollen,  hot,  and  tender. 
The  surface  is  tense  and 
often  ^azed;  vesicle  forma- 
tion is  common.  In  facial 
erysipelas  the  features  are 
characteristically  altered  by 
the  swelling ;  the  nose  broad- 
ens, the  lips  become  thick, 
the  ears  huge  and  stiff,  as  if 
made  of  red  wax.  The  eyes 
are  swollen  shut;  but  it  is 
very  rare  to  see  any  conjunc- 
tivitis.   Though  the  spread  is 

rapid,    it    is    often    checked  fik-  S8.-~E;r7Bip«us. 

where  the  akin  is  tight  (chin, 

nai^n  of  hair,  upper  neck).    The  swelling  and. redness  of  the  area  first 
affected  may  disappear  and  desquamation  begin  while  the  disease  is  still 
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spreading  at  the  margin.  The  course  is  often  rapid,  the  disease  terminating 
in  from  4  to  8  days.  More  rarely,  the  process  advances  further  and  further 
and  may  wander  over  a  large  part  of  the  body  (erysipelas  migrans).  The 
adjacent  lymph  glands  are  swollen  and  tender.  The  fever,  high  at  onset, 
is  usually  continuous  or  slightly  remittent  for  an  average  of  4  to  6  days; 
it  may  end  by  crisis  or  by  lysis.  Ten  per  cent  of  the  cases  are  afebrile. 
Leukocytosis  is  the  rule.  Headache,  anorexia  and  weakness  are  usuaL 
The  patients  are  restless,  and  may  be  dull,  or  delirious  (drinkers).  Re- 
lapses are  common.  Erysipelas  may  affect  the  throat  or  tonsils;  occa- 
sionally it  involves  the  larynx,  and  causes  edema  of  the  glottis.  The  mor- 
tality varies  from  4  to  7  per  cent. 

Complications. — Bronchitis,  bronchopneumonia,  septicemia,  metastatic 
arthritis  or  meningitis,  furunculosis. 

Diagnosis. — Usually  easy.  Occasionally  the  disease  is  confused  with 
phlegmon,  anthrax,  or  erythema.  It  is  not  to  be  mistaken  for  the  erysipe- 
loid of  Kosenbach  (in  which  a  butterfly-shaped  area  of  redness  appears 
over  the  nose  and  cheeks  in  butchers,  cooks,  etc). 
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(d)    Streptococcal  Puerperal  Sepsis 

Puerperal  fever  is  the  most  important  form  of  streptococcal  sepsis.  It 
is  most  often  due  to  the  aerobic  Streptococcus  hemolyticus ;  while,  in  septic 
abortion,  the  infection  is  most  often  caused  by  the  anaerobic  Streptococcus 
putridus.  The  general  infection  may  follow  any  one  of  several  forms  of 
local  streptococcus  infection :  (1)  endometritis;  (2)  thrombophlebitis,  in 
which  there  is  a  chill  at  the  end  of  the  first,  or  the  beginning  of  the  second 
week  after  delivery,  followed  by  high  fever  and  sweating,  and  later  chills 
every  two  or  three  days;  (3)  pelvic  peritonitis  or  parametritis  (lymph- 
ogenous form  of  puerperal  sepsis). 

Diagnosis. — This  is  usually  easy  when  the  signs  of  infection  follow  a 
birth,  or  an  abortion.  Extragenital  diseases  like  typhoid,  tuberculosis, 
mahria,  and  scarlet  fever  must  be  ruled  out.  Gynecological  examinations, 
blood  cultures,  and  cultures  from  the  lochia  are  helpful. 
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(e)    Streptococcal  Sinus  Thrombosis  {Otogenous  Sepsis) 

Sjrmptoms. — The  onset  is  usually  sudden,  with  nausea,  vomiting,  head- 
ache, vertigo,  chills,  and  fever.  Tenderness  over  the  mastoid  with  swell- 
ing is  frequently  observed.  If  the  thrombus  extends  into  the  jugular  vein, 
it  niay  be  palpable  in  front  of  the  M.  sternocleidomastoideus.  A  blood 
culture  from  an  arm  vein  often  shows  the  presence  of  Streptococcus  hemo- 
lyticns,  Libman  recommends  simultaneous  cultures  from  blood  of  an  arm 
vein  and  from  blood  obtained  by  sinus  puncture. 

References 

i'ibman  (E.)  &  Celler  (H.  L.).     The  importance  of  blood  cultures  in  the  study  of  infections 

of  otitic  origin.    Am,  J,  M.  Sc,  Philadelphia  &  New  York,  1909,  cxxxviii, 
409-427. 

SehottmuUer  (H.).    Zur  BedetUung  der  bakteriologischen  Blviuntersuchung  bei  otogener 

Stpsis.    Beitr.  z.  Klin.  d.  Infektionskrankh,  u.    z-   ImmunitdtsforHch., 
Wurzburg,  1914,  Hi,  265-276, 


190  DIAGNOSIS    OF    INFECTIOUS   DISEASES 

(f)    Streptococcal  Angina 

Ordinary  sore  throats,  especially  acute  tonsillitis,  are  very  often  due 
to  Streptococcus  kemolyticus.  Not  infrequently,  they  form  the  starting 
point  of  a  genera]  sepsis,  of  an  endocarditis,  of  a  metastatic  arthritis,  or  of 
an  embolic  nephritis. 

The  altsorption  of  streptococcus  toxins  (without  bacteriiemia)  not 
infrequently  leads  to  diffuse  renal  intoxication  (large  white  kidney). 
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Recently,  peculiar  epidemics  of  streptococcal  angiruiy  with  bubolike 
enlargement  of  the  cervical  lymph  glands,  have  been  met  with  in  America, 
especially  in  Baltimore,  in  Boston,  and  in  Chicago.  In  a  number  of  these 
eases,  a  general  streptococcal  septicemia,  or  a  streptococcal  peritonitis,  has 
been  met  with  as  a  complication. 
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(g)    Acute  RKjeumatic  Fever 

{Acute  Articular  Rheumatism;  Polyarthritis  rheumatica  acuta) 

Definition. — Acute  rheumatic  fever  is  an  acute,  non-contagious,  infec- 
tious disease,  usually  beginning  with  angina,  and  characterized  by  fever, 
sweating,  and  an  excruciatingly  painful,  serous  inflammation  of  a  number 
of  joints,  which  become  involved  one  after  the  other,  with  strong  tendency 
to  complicating  thrombo-endocarditis,  the  whole  disease  process,  especially 
the  pains,  reacting  promptly  to  salicylate  therapy.  It  is  sometimes  fol- 
lowed (in  children)  by  chorea. 

Xtiology. — The  virus  was,  until  recently,  entirely  unknown.  Hundreds 
of  careful  blood  cultures,  in  the  clinic  in  which  I  work,  were,  up  to  the  end 
of  1913,  uniformly  sterile,  and  cultures  made  from  the  joints  were  sterile. 
English  observers  (Poynton  and  Payne)  had  found  a  diplococcus  in  the 
Wood,  and  many  other  microorganisms  have  been  described  in  the  disease. 
Recently,  Rosenow  (Chicago)  has  isolated  streptococci  from  joints,  tonsils, 
and  regionary  lymph  glands,  which,  by  animal  passage  and  by  other  means, 
te  believes  he  can  convert  into  typical  hemolytic  streptococci  on  the  one 
Hand,  and  into  pneumococd  on  the  other.     On  animal  inoculation,  these 
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cocci  give  rise  to  polyarthritis,  myocarditis,  and  myositis.  This  work  is 
exceedingly  interesting  and  further  studies  in  the  same  direction  should 
be  closely  watched. 

My  own  observations  had,  up  to  the  time  of  Rosenow's  work,  kept  me  skepti- 
cal regarding  a  bacterial  etiology.  I  was  strongly  of  the  opinion  that  acute 
articular  rheumatism  was  due  to  some  vims  wholly  different  from  any  ordinaiy 
form  of  bacterium,  a  virus  that  seemed  to  attack  primarily  the  tonsils,  with 
subsequent  virusemia  metastatic  virus-infection  of  the  joints  and  sometimes  of 
the  endocardium. 

Rosenow  is,  however,  such  a  careful  worker,  that  any  statement  he  makes 
must  be  given  serious  consideration.  At  my  request,  one  of  our  staff,  Dr. 
Arthur  Bloomfield,  went  to  Chicago,  where  Dr.  Rosenow  kindly  instructed  him 
in  his  technic  of  making  cultures  from  the  blood  and  from  the  lymph  glands  in 
acute  and  in  chronic  polyarthritis.  On  returning  to  the  clinic  in  Baltimore,  Dr. 
Bloomfield  has  been  able,  by  these  methods,  to  isolate  from  the  blood  and  from 
the  lymph  glands,  in  arthritis  cases,  streptococci,  apparently  identical  with  those 
described  by  Rosenow.  There  can  be  no  doubt  that  by  Rosenow's  method,  bacteria 
can  be  grown  from  many  patients  when  cultures  made  in  the  ordinary  way 
remain  sterile. 

Rosenow  had  found  in  his  studies  on  the  transmutation  of  pneumococci  and 
streptococci  that  oxygen  pressure  plays  an  important  role  in  bringing  about 
changes  in  these  organisms;  it  occurred  to  him  that  the  bacteria  in  rheumatic  cases 
might  be  exceedingly  sensitive  to  oxygen  and  that  the  n^ative  cultures  in  acute 
rheumatism  might  be  due  to  failure  to  supply  and  maintain  the  proper  oxygen 
tension  in  the  culture  media.  He  devised  a  technic,  by  which  in  the  same  tube 
of  mediinn,  not  only  aerobic  and  anaerobic  conditions  are  provided,  but  also  all 
degrees  (a  gradient)  of  oxygen  pressure  between  these  two  extremes.  The  blood, 
freed  from  hemoglobin  and  from  complement,  or  the  exudate  from  a  joint,  is 
mixed  with  ascites-dextrose  agar  (first  uielted  and  then  cooled  to  a  point  just 
short  of  consolidation),  in  a  tall  test  tube,  so  that  on  solidification,  a  tall  column 
of  soUd  inoculated  medium  results;  at  the  surface,  aerobic  conditions  exist; 
at  the  bottom,  the  conditions  are  anaerobic;  in  between,  the  inoculated  material 
is  exposed  to  a  gradient  of  oxygen  tensions.  By  this  method  Rosenow  got 
pure  cultures  of  streptococci  from  the  joint  fiuid  in  acute  rheumatism  in  16  out 
of  19  non-fatal  cases,  and  from  the  blood  in  5  out  of  8  cases. 

These  strains  of  streptococci  all  differ  in  one  respect  or  another  from  Strepto- 
coccus viridans,  on  the  one  hand,  and  from  Streptococcus  hemolyticus,  on  the  other. 
They  vary  in  virulence;  they  produce  much  acid  in  media  containing  dextrose;  they 
tend  to  change  in  their  properties  on  cultivation;  they  grow  better  than  ordinary 
streptococci  at  low  temperatures;  they  are  more  virulent  for  frogs  than  are  either 
pneumococci  or  ordinary  streptococci.  Injected  into  rabbits  and  dogs,  they  are 
said  by  Rosenow  to  exhibit  not  only  an  affinity  simultaneously  for  the  several  serous 
membranes  (endocardium,  pericardium,  and  joint  membranes),  but  also  a  tendency 
to  locaUze  in  the  experimental  animals  at  sites  corresponding  roughly  to  the  sites 
of  the  lesions  in  the  human  cases  whence  they  were  isolated.  Thus  with  strains 
from  human  cases  without  myositis,  the  experimental  animals  did  not  develop 
myositis,  while  strains  derived  from  myositic  lesions  in  man  gave  rise  to  non- 
suppurative myositis  and  myocarditis  in  the  animals,  in  addition  to  arthritis  and 
endocarditis.  After  cultivation  and  animal  passage,  however,  this  localization- 
specificity  is  said  soon  to  be  lost.  Rosenow  (1912)  believes  that  he  can  convert, 
by  appropriate  means,  these  rheumatic  strains  of  streptocoooi  into  other  membera 
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of  the  streptococcus  group  and  vice  versa.  His  ezperiments  on  mutation  make 
him  believe  that  these  and  other  streptococci,  grown  in  symbiosis  with  other  bacteria 
and  under  varying  degrees  of  oxygen  pressure,  may  acquire  new  properties;  he 
thinks  that  streptococci  may  thus  undergo  change  in  the  human  body,  in  the 
tonsils,  for  example.  It  is  his  opinion,  also,  that  the  more  chronic  forms  of 
arthritis,  such  as  one  called  chronic  progressive  polyarthritis,  are  due  to  streptococci 
with  distinctive  cultural  and  pathogenic  features,  which  are  in  keeping  with  the 
types  of  the  disease  in  which  they  occur  in  man. 

Kosenow's  Teolmic. — Dr.  Arthur  Bloomfield  has  kindly  furnished  me  with  the 
following  details.  For  the  isolation  from  blood  and  tissues  of  organisms  that 
do  not  grow  readily  under  conditions  of  complete  aerobiosis  or  anaerobiosis,  Rose- 
now  uses  the  following  method: 

1.  Blood  Cui/tures.— Fifteen  to  30  c.c.  of  blood,  drawn  by  venepuncture,  are 
introduced  into  citrate  solution  to  prevent  clotting,  and  the  mixture  laked  by 
addmg  about  10  volumes  of  sterile  distilled  water.  This  solution  is  now  centri- 
fnged  at  high  speed  for  about  2  hours,  the  clear  supernatant  fluid  decanted,  and 
tiie  sediment  inoculated.  Tubes  of  1  per  cent  glucose  agar  (.5  per  cent  acid) 
are  boiled  for  several  minutes  to  drive  oft  as  much  oxygen  as  possible,  and  then 
eooied  to  about  50°  C.  About  ^  volume  of  ascitic  fluid,  which  has  been  heated  at 
60^  C.  for  about  24  hours,  is  added,  and  small  amounts  of  the  blood  sediment  are 
now  introduced  with  a  sterile  pipet.  The  tube  is  not  shaken,  but  after  thoroughly 
flaming  the  plug  and  the  top  of  the  tube,  it  is  inverted  once  to  distribute  the 
inoeolated  material  through  it.    The  coli\mn  in  the  tube  is  about  10  cm.  high. 

The  colonies  appear,  after  incubation,  as  opaque  g^y  bodies  and  are  easily 
distinguishable  from  the  tissue  particles  which  may  be  present  in  the  tubes.  To 
sabenlture  the  colonies,  the  tubes  are  broken  and  the  organisms  fished  out  and 
transferred  to  blood  agar  or  to  serum  slants,  or  stabs  may  be  made  into  solid 
tabes  of  asdtes-dextrose  agar. 

2.  Cultures  from  Tissues. — The  lymph  gland,  or  other  piece  of  tissue,  is 
dipped  into  boiling  water  for  an  instant  to  kill  any  bacteria  on  the  surface,  and 
is  then  immediately  inserted  into  a  sterile  box  containing  a  mortar,  so  arranged 
ihaif  by  means  of  an  opening  in  the  side  to  which  a  glove  is  attached,  the  tissue 
ean  be  ground  up  under  perfectly  sterile  conditions.  A  satisfactory  apparatus 
can  be  improvised  from  a  five-pound  ether  can.  The  fragments  of  tissue  and 
the  jnice  are  next  inoculated  into  the  glucose-ascites-agar  tubes  in  exactly  the  same 
way  as  for  the  blood  sediment  described  above. 

The  principle  of  this  method  lies  in  the  fact  that  varying  grades  of  oxygen 
tension  are  offered  to  the  organisms  in  addition  to  aerobic  and  anaerobic  conditions. 

The  view  of  Sahli  that  acute  articular  rheumatism  is  a  sepsis  due  to  an 
attenoated  staphylococcus  or  streptococcus  had  been  less  in  favor  since  the  con- 
option  of  acute  infectious  pseudorheumatisms  has  had  more  acceptance.  Rose- 
DoVs  results  lend  new  interest  to  Sahli's  view. 

The  disease  is  most  common  in  youth  and  during  adolescence;  it  is  not 
very  common  after  middle  life,  though  its  residues  (valvular  disease  of  the 
lieart;  adherent  pericardium)  are  often  seen. 

Symptoms. — The  onset  is  usually  sudden,  often  after  tonsillitis  (70-80 
percent  of  the  cases)  ;  or  a  short  period  of  arthralgia,  myalgia,  and  malaise, 
^th  fever  that  rises  rapidly  may  precede  the  outspoken  joint  involvement. 
Inflammation  of  several  joints  develops,  usually  within  24-48  hours,  the 
disease  jumping  from  joint  to  joint  characteristically,  causing  swelling, 
redn^s  and  excruciating  pain,  especially  when  the  joints  are  moved.    The 
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swelling  is  mainly  periarticular,  but  eflfusion  into  the  joint  is  not  uncom- 
mon. The  order  of  frequency  of  involvement  is  as  follows :  knee,  ankle, 
shoulder,  wrist,  elbow,  hip,  hand,  and  foot.  The  sternoclavicular,  temporo- 
maxillary,  and  vertebral  joints  are  not,  as  a  rule,  involved.  The  inflamma- 
tion subsides  in  one  joint  while  increasing  in  others,  and,  after  the  arthritis 
has  subsided,  no  residual  deformities  remain.  There  is  a  great  tendency  to 
recurrences. 

The  fever  is  irregular,  being  usually  markedly  remittent;  deferves- 
cence is  by  lysis.  Tachycardia  may  be  pronounced.  An  apical  systolic 
bruit  is  frequently  heard,  even  in  the  absence  of  endocarditis. 

Characteristic,  in  typical  cases,  are  the  profuse  sour  sweats,  as  a  result 
of  which  sudaminal  vesicles  {miliaria  crystallina  and,  less  often,  miliaria 
rubra)  develop.  Simple  erythema,  erythema  multiforme  and  nodosum, 
urticaria,  or  purpura  may  be  associated.  Subcutaneous  fibroid  nodules  are 
sometimes  seen,  especially  in  children;  they  are  most  numerous  along 
fasciae,  and  on  the  tendons  about  the  fingers,  hands,  wrists,  scapulae,  elbows, 
knees,  and  spine. 

Anorexia,  thirst,  and  perspiration  are  prominent  symptoms.  There  is 
commonly  a  febrile  nephropathy  with  very  acid  urine.  A  marked  second- 
ary anemia  quickly  develops,  and  the  blood  shows  a  leukocytosis  (10,000- 
18,000),  with  P.  M.  N.  increase  from  the  beginning.  In  chorea,  the  eosin- 
ophils may  be  increased  to  10  per  cent  (Macalister). 

The  course  is  very  variable ;  the  duration  is  probably  not  influenced  by 
salicylates ;  most  cases  continue  for  several  weeks,  but  there  are  shorter 
attacks  lasting  1-2  weeks. 

The  mortality  is  low  (2-4  per  cent),  but  the  outlook  for  the  distant 
future  is  often  gloomy  on  account  of  the  frequency  of  an  associated  endo- 
carditis, myocarditis,  or  pancarditis. 

Oomplications. — Endocarditis  is  extremely  common ;  it  affects  especial- 
ly the  mitral  valve,  but  sometimes  both  the  mitral  and  the  aortic  valves,  and 
usually  leads  to  permanent  valvular  lesions  (stenoses;  insufficiencies); 
pericarditis  and  myocarditis  are  common;  more  rarely  pleuritic  is  seen; 
occasionally,  hemorrhagic  nephritis,  or  peritonitis,  develops.  In  one  group 
of  cases,  erythema  multiforme  is  common.  A  purpuric  form  is  sometimes 
met  with  (peliosis  rheumatica).  In  children,  chorea  minor  is  a  frequent 
complication  or  sequel;  it  seems  to  be  due  to  a  cerebral  localization  of  the 
causative  streptococci,  perhaps  of  a  modified  strain  (Dick  and  Rothstein, 
1913).  A  very  dangerous  complication  is  the  rheumatic  hyperpyrexia,  or 
cerebral  rheumatism  (not  to  be  confused  with  salicylate  delirium!),  in 
which  the  temperature  may  rapidly  rise  to  106°  or  to  108®  F.,  with 
delirium,  convulsions,  coma,  and  death.  Recurring  rheumatic  iritis  is  not 
uncommon.  Old  rheumatic  hearts  are  especially  predisposed  to  secondary 
septic  infection  (endocarditis  lenta,  etc.).  Enlargement  and  tenderness  of 
the  thyroid  are  not  uncommon  (Vincent)  ;  some  authors  regard  acute  rheu- 
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matic  fever  as  the  commonest  provocative  cause  of  Graves's  disease  (Mou- 
riquand  and  Bouchut). 

Diagnosis. — In  children,  and  in  young  adults,  the  typical  picture,  with 
tonsillitis,  fever,  and  polyarthritis  flying  from  joint  to  joint,  reacting 
promptly  to  salicylates,  and  prone  to  endocardial  complications,  is  not  diflB- 
cult  to  recognize.  It  is  sometimes  hard  to  rule  out  an  acute  infectious 
pseudorheuTnatism  (Bouchard),  or  so-called  rheumatoid  disease  (Ger^ 
hardt),  including  the  polyarthritides  due  to  gonococci,  pneumococci,  etc. 
The  arthropathy  following  serum  injections  (diphtheria  antitoxin)  may 
be  confused  with  acute  rheumatic  fever. 

Sometimes,  the  early  stage  of  a  primary  chronic  progressive  polyar- 
thritis  may  be  so  acute  as  to  simulate  acute  rheumatic  fever,  but,  in  this 
disease,  the  jaw  joinJb,  the  sternoclavicular  joint,  and  the  cervical  spine  are 
uot  infrequently  afifected — joints  that  are  only  rarely  involved  in  acute 
rheumatic  fever.  The  quick  appearance  of  muscular  atrophies,  and  the 
absence  of  tendency  to  endocarditis  and  to  other  serous  membrane  involve- 
ments help  to  differentiate. 

The  postscarlatinal  polyarthritis  is  not  a  true  polyarthritis  rheumatica. 

Acute  osteomyelitis  can  be  distinguished  (1)  by  the  positive  blood 
culture  for  staphylococci,  and  (2)  by  rontgenograms  of  the  bones. 

Acute  govi  rarely  offers  difficulty  in  diagnosis  (nocturnal  onset ;  sites  of 
predilection;  family  history;  disturbed  purin  metabolism;  response  to 
colchicum). 

Whether  a  chronic  articular  rheumatism  due  to  the  same  virus  as  that 
which  causes  true  rheumatic  fever  ever  occurs,  is  much  disputed  (T. 
McCrae).  The  question  can  scarcely  be  settled  until  the  virus  of  acute 
rheumatic  fever  is  definitely  established,  and  its  presence  or  absence  in  the 
chronic  processes  determined.  Some  think  that  JaCcoud's  rheumatismus 
fbrosus  is  a  true  chronic  rheumatism.  The  tendency  now  is  to  reserve  the 
term  rheumatism  for  diseases  caused  by  the  virus  that  is  responsible  for 
acute  rheumatic  fever,  and  not  to  apply  it  to  other  forms  of  arthropathy. 
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(h)    Chronic  Streptococcal  Arthritis 

Recent  bacteriological  studies  have  shown  that  a  certain  proportion 
of  the  cases  of  chronic  arthritis  are  due  to  infection  with  Streptococcus. 
It  is  not  often  possible  to  demonstrate  the  streptococcus  in  these  cases 
in  the  joints  themselves  except  at  autopsy,  but  now  and  then  cultures 
from  the  regional  lymph  glands  reveal  the  presence  of  numbers  of  these 
bacteria.  In  such  cases  the  primary  focus  of  streptococcus  infection 
should  be  sought  for. 
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2.    Diseases  Due  to  Staphylococci 

The  Pathogenic  Staphylococci. — These  include  the  Staphylococcus  aur 
reusj  the  Staphylococcus  albus,  and  the  Staphylococcus  citreus.  Of  these, 
the  aureus  is  the  most  pathogenic.  The  albus  is  always  present  in  the 
human  skin,  and  is  often  spoken  of  as  the  "skin-coccus" ;  it  sometimes  gives 
rise  to  local  and  to  general  infections.  The  individual  cocci  are  round, 
smaUer  than  streptococci,  and  are  usually  arranged  in  grapelike  bunches. 
They  grow  well  on  ordinary  media,  liquefying  gelatin.  They  stain  with 
ordinary  anilin  dyes,  and  are  Gram-positive.  On  blood-agar  plates,  two 
kinds  of  colonies  are  seen  at  the  end  of  24  hours: — (1)  in  the  depth,  black 
points  without  hemolytic  areas  about  them,  and  (2)  on  the  surface,  white 
and  golden-yellow  colonies  surrounded  by  clear  areas,  due  to  absorption  of 
hemoglobin.  These  surface  colonies  show  hemolysis  owing  to  the  presence 
of  more  oxygen  there  than  in  the  deptL 

Staphylococci  give  rise  to  a  poison  which  hemolyses  the  red  corpuscles 
(daphylolysin) y  and  to  another  which  destroys  the  white  corpuscles  {leuko- 
cidxn).  The  principal  poisoning  in  staphylococcus  infections,  however, 
seems  to  be  due  to  endotoxins  arising  from  the  bodies  of  the  staphylococci 
themselves. 

Portals  of  Entry. — Those  most  often  concerned  are  (1)  wounds,  tears, 
pmictures,  pricks,  or  scratches  of  the  slcin,  followed  by  local  inflammation 
(funmculosis,  carbuncles,  panaritium,  acne)  and  sometimes  by  general 
sepsis;  (2)  the  mucous  membrane  of  the  urogenital  tract  (bladder,  pelvic 
organs,  and  kidney),  and  (3)  the  mucous  membrane  of  the  throat  (tonsils, 
pharynx). 

Multiple  purulent  metastases  are  very  common  in  staphylococcus  sepsis 
(Imig  abscess,  endocarditis,  abscesses  in  heart,  spleen,  kidneys,  joints,  and 
bone-marrow).  When  the  cocci  go  over  into  the  blood,  the  blood  culture  is 
sometimes  positive,  but  is  often  negative,  as  the  cocci  are  quickly  removed 
from  the  blood  by  the  organs  (in  contrast  with  streptococcus  sepsis). 

(a)    Staphylococcal  Septicemia 

Symptoms. — There  is  high  fever,  usually  continuous,  or  slightly  remit- 
tent, rarely  accompanied  by  chills ;  often  relative  bradycardia ;  palpable 
spleen;  hyperleukocytosis ;  delirium;  signs  of  metastases  (lung  abscess, 
septic  endocarditis,  polyarthritis,  meningitis). 

Diagnosis. — ^Blood  culture ;  urine  culture ;  finding  of  primary  focus  of 
infection ;  cultures  from  metastatic  abscesses. 
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(6)    Acute  and  Chronic  Osteomyelitis 

Etiology. — Osteomyelitis  is  nearly  always  due  to  infection  with 
Staphylococcus  aureus;  occasionally  it  may  be  due  to  streptococci^  or  to 
pneumococd. 

Symptoms. — The  onset  is  usually  acute,  with  fever,  chills,  and  pains  in 
one  or  more  of  the  bones  (femur,  tibia),  followed  by  swelling  of  the  part, 
and  later,  by  necrosis  and  sequestrum-formation.  There  is  often  pus  fo^ 
mation,  with  abscess. 

Diagnosis. — Blood  cultures  are  nearly  always  positive  at  some  stage  of 
the  disease.  Eontgenograms  are  helpful  in  the  diagnosis  of  this  con- 
dition. 

Differential  Diagnosis. — A  number  of  conditions  should  be  ruled  out 
especially  in  children  (fracture;  Barlow's  disease  with  its  painful  sub- 
periosteal hemorrhages).  In  the  more  chronic  forms  of  osteomyelitis  in 
which  the  swelling  arises  gradually,  the  patient  being,  perhaps,  afebrile, 
the  diflFerential  diagnosis  is  usually  more  difficult  than  in  the  acute  cases. 
In  addition  to  chronic  osteomyelitis  due  to  staphylococci  or  streptococci,  we 
must  think  of  cold  abscess,  of  sparotrichosis^  of  neoplasm,  and  of  gumma. 
(See  Part  XL) 
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(c)    Farunculosis 

In  this  condition,  local  areas  of  inflammation  occur  in  the  subcutaneous 
tissue.  In  the  center  of  each  area,  containing  masses  of  staphylococci,  is 
a  core  of  necrotic  tissue ;  outside  this  there  is  edema,  with  leukocytic 
infiltration.  As  the  boil  ripens,  the  tissues  undergo  softening,  and  the 
leukocytes  increase  in  number  with  pus  formation.  The  boil  will  often 
break,  if  left  to  itself,  or  if  it  be  poulticed.  The  infection  usually  begins  in 
a  hair  follicle.  Sites  of  predilection  are  the  back  of  the  neck,  the  nates,  the 
external  genitalia,  the  axillse  and  the  external  auditory  canal.  Diabetes 
strongly  predisposes  to  such  infections  and  widespread  f urunculosis  is  also 
common  during  convalescence  from  typhoid  fever.  A  furuncle  on  the 
upper  lip  is  especially  dangerous  owing  to  the  frequent  involvement  of  the 
facial  veins  with  pyemia  as  a  sequel.  The  so-called  carbuncle  of  the  neck 
may  consist  of  a  single  boil,  or  of  a  group  of  conglomerate  furuncles  (com- 
mon in  the  senile,  and  in  diabetes).  Before  the  bacteriological  era,  such 
staphylomycotic  carbuncles  were  sometimes  confused  with  anthrax. 
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3.    Diseases  Due  to  Pneumococci 

The  Pathogenic  Pneumococci. — The Diplococcus  pneumoniw  (  Weichsel- 
batun),  Pneumococcits  (Fraenkel)  or  Micrococcus  lanceolatus  (Welch)  is 
met  with  usually  in  pairs,  each  individual  coccus  being  lancet-shaped ; 
sometimes  chains  of  4  to  6  occur.  It  stains  easily  with  ordinary  basic 
anilin  dyes  and  is  Gram-positive.  In  preparations  made  from  the  tissues 
or  fluids  of  infected  animals  and  man,  it  is  seen  to  be  surrounded  by  a 
capsule,  each  capside  inclosing  2  cocci ;  in  cultures  it  often  grows  without 
capsule. 

Growth  will  occur,  though  feebly,  on  ordinary  media  at  37°  C.  The 
pneumococcus  grows  much  better  on  media  containing  human  serum.  It 
dies  out  easily,  unless  frequently  transplanted,  though  it  may  live  for  some 
time  in  dry  sputum  or  in  dry  blood. 

In  most  cases,  it  is  easily  recognizable  by  its  morphology,  but  it  is  best 
isolated  by  the  injection  of  suspected  material  into  a  mouse,  or  a  rabbit; 
ill  these  animals  it  quickly  gives  rise  to  pneumococcus  septicemia,  and 
may,  after  24  hours,  be  obtained  in  pure  culture  from  the  blood.  Normal 
sputum  usually  contains  the  pneumococcus  (hence  the  sputum  septicemia 
[Sternberg;  Pasteur]  on  injection  of  sputum  into  rabbits,  or  mice);  in 
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man,  it  is  a  harmless  occupant  of  the  mouth  cavity  in  50- YO  per  cent  of 
normal  individuals. 

Differentiation  of  Pnenmocooci  from  StreptococcL — ^Blood-agar  plates 
aife  helpful.  The  pneumococcus  differs  from  Streptococcus  hemolyticm'm 
that  the  colonies  grow  green  and  are  not  surrounded  by  hemolytic  zones. 
It  differs  from  Streptococcus  viridans  in  (1)  its  lancet  shape,  (2)  its  cap- 
sule formation  in  animals,  (3)  the  more  intense  green  color  of  its  colonies 
on  blood-agar,  (4)  its  stronger  growth  in.  the  depth  of  blood-agar,  (5)  its 
inability  to  precipitate  serum-glucose-agar,  and  (6)  its  power  of  ferment- 
ing inulin.  E.  C.  Rosenow  believes  that  he  can,  by  transfer  methods,  con- 
vert certain  streptococci  into  pneumococci  and  vice  versa. 

Mice  and  rabbits  are  most  susceptible  to  pneumococcus  infection, 
minute  amounts  of  virulent  pneumococci  killing  them  within  three  days, 
often  within  24  hours,  from  septicemia. 

Strains  of  PnenmocoocL — Cole  and  Dochez,  and  Dochez  and  Gillespie, 
Rockefeller  Hosp.,  N.  Y.,  confirming  and  extending  the  earlier  work  of 
Eyre  and  Washboume,  and  of  Neufeld  and  Haendel,  have  shown  that 
pneumococci,  isolated  from  pneumonia,  are  divisible  into  four  groups.  This 
fact  may  prove  to  be  important  in  the  development  of  a  specific  therapy,  as 
powerful  antisera  have  been  produced  against  two  of  the  groups. 

The  cocci  belonging  to  each  of  the  first  two  groups  are  said  to  be  specific, 
as  far  as  the  immunity  to  which  they  give  rise  is  concerned.    The  immune 
serum  (horse)  arising  from  injections  of  a  pneumococcus  belonging  to 
€hroiip  I,  has  a  specific  protective  action  against  all  pneumococci  belonging 
to  Group  I,  but  does  not  protect  against  pneumococci  belonging  to  Groups 
II,  III,  or  IV.    Similarly,  a  pneumococcus  belonging  to  Qronp  11  will 
yield,  on  injection,  a  serum  protective  against  all  cocci  belonging  to  Group 
II,  but  against  no  other  cocci.    Qronp  HI  contains  all  the  pneumococci  of 
the  type  of  Pneumococcus  mucosus.     On  injection  it  has  not  been  found 
possible  to  produce  a  protective  serum  against  any  member  of  this  group. 
Group  IV  includes  all  pneumococci  against  which  the  senmis  prepared  by 
injection  of  pneumococci  belonging  to  Groups  I  and  II  are  ineffective  and 
which  by  cultural  or  pathogenic  qualities  can  be  shown  not  to  belong  in 
Group  III,    An  immune  serum  prepared  by  injection  of  a  pneumococcus 
belonging  to  Group  IV  is  protective  against  the  strain  used,  but  will  not 
protect  against  other  strains  belonging  to  Group  IV,  nor  will  it  protect 
against  the  races  belonging  to  Groups  I,  II,  and  III.    The  pneumococci 
belonging  in  Groups  I  and  II  can  also  be  easily  recognized  by  agglutination 
tests  made  with  the  respective  immune  sera.     Pneumococci  belonging  to 
Group  III  are  easily  recognized  by  their  cultural  and  pathogenic  charac- 
ters.   Membership  in  Group  IV  is  determined  by  exclusion. 

P.  W.  Clough  has  demonstrated  an  increase  of  phagocytic  power  for 
the  homologous  (virulent)  pneumococcus  in  the  blood  serum  of  patients 
after  the  crisis  in  pneumonia. 
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(a)    Croupous  Pneumonia  {Lobar  Pneumonia) 

TJiis  disease  is  nearly  always  due  to  some  member  of  one  or  another  of 
the  four  groups  of  pneumococci  above  described.  In  a  few  cases  the  causal 
agent  is  Friedlander's  bacillus.  (For  symptoms,  diagnosis,  etc.,  see  Diag- 
nosis of  Diseases  of  the  Lungs.) 

(6)    Pneumococcal  Septicemia 

Definition. — In  human  pneumococcus  infections,  primarily  local,  the 
cocci  may  go  over  into  the  blood  and  multiply  there.  If  only  a  few  reach 
the  blood,  and  there  be  no  marked  multiplication,  we  speak  of  a  "pneumo- 
coccus bacteriemia.'^  But  the  blood  may  contain  a  large  and  increasing 
number  of  the  cocci ;  we  then  speak  of  "pneumococcus  sepsis."  Such  a 
pneumococcus  sepsis  may  follow  pneumonia,  otitis  media,  an  angina,  or  a 
cholecystitis.  The  severer  toxic  symptoms  in  fatal  cases  of  pneumonia 
probably  depend,  in  most  instances,  on  pneumococcus  sepsis. 

Symptoms. — In  pneumococcus  sepsis,  the  fever  is,  as  a  rule,  high  and 
continuous,  though  in  some  cases  it  is  markedly  intermittent.  Suppura- 
tive metastases  are  not  uncommon,  and  are  usually  fatal.  Ulcerative 
pneumococcus  endocarditis  and  pneumococcus  meningitis  are  serious  com- 
plications. Occasionally,  a  metastatic  pneumococcus  arthritis  is  met  with; 
it  is  usually  suppurative. 


4.    Diseases  Due  to  Gonococci 

• 

The  Ok>nococcu8  (Neisser). — This  is  a  biscuit-shaped  or  coffee-bean- 
shaped  coccus,  occurring  in  pairs  (diplococci),  the  adjacent  edges  of  the 
cocci  in  each  pair  being  flattened.  In  gonococcal  inflammations,  the  proto- 
plasm of  the  leukocytes  is  often  crowded  with  pairs  of  gonococci  (intracellu- 
lar cocci). 

The  gonococcus  stains  with  ordinary  anilin  dyes,  but  it  is  Gram-na- 
tive, an  important  point  in  diagnosis.  In  fixing  the  smear,  overheating 
should  be  avoided;  during  the  Gram-staining,  the  stain  should  not  be 
allowed  to  evaporate ;  the  decolorization  in  alcohol  should  be  thorough. 

The  gonococcus  does  not  grow  well  on  ordinary  media.  It  grows  best 
on  more  highly  albuminous  media,  and  especially  well  on  ascites-agar,  or 
hydrocele-fluid  agar,  though  it  grows  fairly  well  on  blood-agar  without 
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hemolysis.  The  nutrient  medium  should  be  neutral  or  very  feebly  acid. 
The  optimal  temperature  for  growth  is  35°-37°  C. ;  a  rise  above  this  endan- 
gers* the  life  of  the  organism,  and,  as  E.  E.  Irons  suggests,  it  is  well  to  set 
the  r^ulator  of  the  thermostat  at  35^  C,  so  that,  if  a  slight  unavoidable 
rise  of  temperature  occurs,  it  will  not  be  great  enough  to  kill  the  culture. 

The  organisms  are  easily  demonstrable  in  the  pus  of  gonorrheal  urethri- 
tis or  conjunctivitis,  and  in  the  exudate  of  gonococcal  endocarditis  and 
gonococcal  arthritis.  In  smears  stained  with  alkaline  methylene  blue, 
they  are  visible  chiefly  as  intracellular  cocci.  If  such  cocci  are  found  also 
to  be  Gram-negative  they  are  probably  gonococci.  Care  must  be  taken  not 
to  confuse  the  gonococcus  with  (1)  the  meningococcus,  (2)  non-hemolyzing 
streptococci,  (3)  micrococcus  catarrhalis,  (4)  coccoid  forms  of  B.  coli, 
and  (5)  the  pseudo-gonococcus. 
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(a)     Gonococcal  Inflammations  of  the  Urogenital  Organs 

The  gonococcus  is  a  common  cause  of  urethritis  (see  Gonorrhea),  pros- 
tatitis, cystitis,  epididymitis,  pyelitis,  vulvovaginitis,  endometritis,  pelvic 
peritonitis,  and  salpingitis.  In  the  male,  gonococcal  epididymitis,  and  in 
the  female,  gonococcal  salpingitis,  are  among  the  commonest  causes  of 
sterility.     (See  Part  X.) 
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(6)    Gonococcal  Conjunctivitis  {Ophthalmia  neonatorum) 

This  is  one  of  the  commonest  causes  of  blindness.  About  a  quarter  of 
the  blind  children  in  the  schools  for  the  blind  in  the  United  States  owe  their 
blindness  to  gonococcal  infections.  It  is  rarer  now  than  formerly,  for  many 
obstetricians  have  adopted  Credfi's  method  (1881)  of  instilling  one  or  two 
drops  of  a  solution  of  silver  nitrate  into  the  conjunctional  sac  of  the  new- 
bom,  irrespective  of  whether  gonorrhea  is  supposed  to  be  present  in  the 
mother  or  not.  A  single  instillation  of  a  1  per  cent  solution  in  each  eye 
has  been  found  to  be  sufficient ;  the  stronger  solution  may  excite  a  "silver 
catarrL^' 
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(c)    Gonococcal  Endocarditis  (Endocarditis  gonorrheica) 

This  is  often  one  of  the  most  prominent  symptoms  of  a  general  gonoeoc- 
CUB  sepsis.  It  is  usually  associated  with  gonococcal  polyarthritis.  The 
endocarditis  may  be  combined  with  pericarditis  and  myocarditis  due  to 
the  same  coccus.    A  gonococcal  pleuritis  is  occasionally  observed. 

Gonococci  were  isolated  from  the  blood  of  living  patients  suffering 
from  gonococcal  endocarditis  by  Thayer  and  Lazear  and  by  Thayer  and 
Blumer  (1895).  They  were  demonstrated  in  blood  cidtures  in  cases  of 
gonococcal  arthritis  by  Hewes  (1894)  and  by  Ahmaner. 
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id)    Gonococcal  Polyarthritis  {Gonorrheal  Rheumatism^ 

Here  we  deal  with  a  metastatic  infection,  usually  of  several  joints,  fol- 
lowing gonococcal  inflammation  of  the  urogenital  system,  or,  rarely,  of  the 
conjunctiva.  At  the  outset  a  number  of  joints  are  involved  (polyarthritis) ; 
later,  the  inflammation  becomes  most  marked,  as  a  rule,  in  a  single  joint 
(monarthritis),  most  often  one  knee-joint,  or  one  ankle-joint.     Occasion- 
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ally,  a  joint  suppurates.  The  symptoms  are  but  little  relieved  by  salic- 
ylates or  bj  potassium  iodid.  Exacerbations  and  recurrences  are  very 
common  and  often  run  parallel  to  exacerbations  of  the  primary  urethritis 
or  prostatitis.     The  complement-fixation  test  is  positive.  '    ' 
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(e)    Gonococcal  Iritis 

This  occurs  not  infrequently  as  a  metastatic  complication  in  gonococcal 
polyarthritis,  or  after  it.  Recurrences  of  the  iritis  are  conmion ;  it  is  not 
certain  whether  they  represent  a  renewal  of  the  infection  or  an  allergic  local 
reaction  due  to  the  sudden  setting  free  of  gonococcus  protein  elsewhere  in 

the  body. 


6.    Diseases  Due  to  Meningococci 

HeningoeoccuSy  or  Diplococcus  intraoellularis  meningitidis  ( Weichsel- 

banm). — This  organism  closely  resembles  the  gonococcus  in  its  biscuit- 
shaped  morphology.  In  a  meningeal  exudate,  obtained  by  lumbar  puncture, 
the  coed  are  chiefly  intracellular,  though  some  extracellular  cocci  may  also 
be  seen.  The  meningococcus  stains  easily  with  methylene  blue  and  with 
other  basic  anilin  dyes.  It  is  Gram-negative.  In  cultures,  the  size  of  the 
individual  cocci  is  variable;  along  with  small  forms,  one  sees  some  giant 
cood,  three  or  four  times  as  large  as  the  others.  The  individual  cocci  also 
take  the  stain  with  variable  intensity. 

This  coccus  grows  best  at  37°  C,  and  on  media  containing  human  or 
«minal  serum.  Blood-agar,  ascites-agar,  and  hydrocele-agar  are  excellent 
media  for  the  cultivation  of  it.  The  growth  is  particularly  good  on  ascites- 
»gar  to  which  some  glucose  has  been  added.  In  using  blood-agar  as  a 
medium,  the  proportion  of  2  c.c.  liquid  agar  to  3  c.c.  human  blood  is  most 
suitable. 

The  meningococcus  quickly  dies  out  in  cultures,  unless  transplanted 
c^ery  5  days.  It  is  also  very  sensitive  to  light  and  to  drying.  It  is  almost 
lion-pathogenic  for  animals,  except  young  guinea-pigs  and  mice.  Injected 
into  the  subarachnoid  space  of  monkeys,  it  causes  meningitis.  Dead  cocci, 
iiijected  into  rabbits  and  horses  in  increasing  doses,  yield  a  serum  rich  in 
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apecific  a^Iutinin;  thia  is  most  helpful  in  the  recognition  of  suspicious 
colonies,  grown  on  ascites-agar. 

In  testing  for  meningococcus  carriers  by  cultures  from  the  pharynx,  a 
number  of  organisms  must  be  ruled  out  (^Micrococcus  catarrhalis,  Diplocoe- 
CU8  crassus,  Diplococcus  fiavus,  and  Micrococcus  cinereus).  For  methods, 
see  special  texts. 

(a)    Epidemic  Cerebrospinal  Mentngitit 

(Cerebrospinal  Fever,  Meningitis  meningococdca) 

Definition. — An  acute  contagious  disease,  usually  occurring  in  epi- 
demics; due  to  infection  of  the  leptomeninges  with  the  meningococcoB, 
which  is  demonstrable  in  fluid  obtained  by  lumbar  puncture. 


ng.  60.— Temiwrltiire  Chart  of  Epidemic  CerebrosplDBl  MpnlDjitHs.     (Personal  ObBervaUoB.) 
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Epidemiology. — The  disease  is  spread,  apparently,  leas  by  direct  contact 
with  the  patient  than  bj  the  intermediation  of  so-called  healthy  menin- 
gococcvs  carriers,  that  is,  healthy  individuals  who  harbor  meningococci  in 
the  nasopharynx.  In  mining  districts,  especially,  the  father  of  a  sick  child 
carries  the  meningococcus  to  the  mines,  and  contaminates  other  fathers, 
who,  as  meningococcus  carriers,  on  go- 
ing to  their  homes,  infect  their  own 
cbildren. 

IncnbatioQ  Period. — This  is  usu- 
ally sliort,  rarely  exceeding  2  or  3 
daya. 

Symptoms. — The  onset  is  sudden, 
nith  violent  headache,  vomiting,  stiff- 
SESg  in  THE  NECK,  chills,  and  fever 
(in  contrast  with  the  slow  onset  in 
tuberculous  meningitis).  The  blood 
ehows  a  polymorphonuclear  leukocytosis 
(10,000-20,000). 

When  the  disease  is  fully  developed, 
the  pain  in  the  head,  photophobia, 
irritability,  restlessness,  vomiting,  ri- 
gidity of  the  neck,  general  cuiuneous 
^peresthesia,  rigidity  of  the  legs,  and 
Eebsig's  sign  (inability  to  assume  or  to  be  placed  in  a  sitting  position 
without  flexion  at  the  hip  and  knee)  are  very  characteristic.  Muscular 
rigidity  often  leads  to  orthotonus,  or  to  opisthotonus.  Tremors  of  mus- 
ries.  tonic  and   clonic  spasms,   ankle-  and   patellar-eloniia,   are  common. 


Fig.   ei. — Epidemic      CetebroaiilDBl  Hen- 

In gltl»— Retraction  Of  the  Neck.  (After 
J.  Ibrahim.  In  E.  Feer's  "Lehrh.  d. 
Klnderbenkuade."  publlsbed  br  G. 
Flacber.  Jeoa.) 


Tif.  62. — Epidemic  Cerebrospinal  UcDlngltlB.     {Ued.  Service.  J.  H.  H.) 
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Fig.  63.— BrndzlnsM'i  "Identical  BeHei"  or  "Frog  Sign" 
In  MenlDgitli.  Melbod  of  EUcltlcg  It  b;  Flexing 
the  Head  on  the  Trunk.  (From  W.  P.  Northrup'B 
Article,  J.  Am.  U.  Asb.) 


Bbudzinski's  signs,  (1)  flexion  of  head  on  cliest,  causing  flexion  at  the 
hips  and  kueea  (frog  sign),  and  (2)  flexion  of  one  thigh  on  abdomen, 
causing  similar  flexion  on 
the  opposite  side  (cotifra- 
laieral  reflex),  are  present. 
Symptoms  referable  to  in- 
volvement of  the  individ- 
ual cerebral  nerves  (eve 
muscle  paralyses,  optic 
neuritis,  deafness)  are  of- 
ten seen,  but  less  frequent- 
ly than  in  tuberculous 
meningitis.  Occasionallv, 
focal  symptoms  (hemi- 
plegia, convulsions)  occur. 
Delirium  is  common,  often 
followed  by  stupor  and 
coma.  The  fever  is  re- 
mittent or  intermittent 
The  reflexes  may  be  either 
increased  or  diminished; 
the  patellar  reflexes  are 
often  absent ;  Babinski's 
"phenomenon  of  the  toes" 
may  be  positive,  in  adults, 
in  the  second  week  of 
the  disease.  A  measles- 
like  F.XANTiiEM,  or  roseola,  is  sometimes  seen  and  petechia  are  common 
(spotted  fever).  Herpes  of  the  face,  lips  and  ears — usually  extensive— is 
present  in  the  majority  of  cases,  except  in  children  under  3  years  of  age, 
in  whom  it  does  not  occur. 

Oomplicatioiu. — A  large  number  of  different  complications  may  occur; 
the  commonest  are  polyarthritis,  endocarditis,  and  bronchopneumonia. 

Ooorse  of  the  Disease. — This  varies  all  the  way  from  the  extremely 
acute  type  (foudroyant)  known  as  mesinoitis  siderans  (in  which  death 
occurs  in  a  few  hours),  to  the  protracted  cases  with  prolonged  meningeal 
suppuration  and  intermittent  course.  In  the  majority  of  cases,  the  convi- 
lescence  sets  in  within  a  week,  or  death  occurs  before  that  time.  In  the  pro- 
tracted cases,  HYDKocEFHALDS  iNTEKNus  oftcu  dcvelops;  the  patients  be- 
come afebrile,  emaciate  rapidly,  suffer  from  flexion-contractures  of  the 
lower  extremities,  and  periodic  vomiting. 

In  some  cages,  especially  in  children,  the  symptoms  are  peculiar,  in 
that  rigidity  of  the  neck  and  Kemig's  sign  are  absent.  In  such  ATTPiciL 
FORMS,  bulging  of  the  fontanelles,  and  hyperalgesia  on  passive  move- 


Fig.  04. — Brudiinskl's  "Contralateral  Reflex"  In  Hen- 
Ipgltls.  Melhod  o(  Eliciting  It.  PaulTe  Flexion  of 
One  Leg  Causpa  Reflex  Flexion  oC  the  Other  Leg. 
(From  W.  I'.  Northrup'B  Article,  J.  Am.  M.  i 
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ments  of  the  1^,  would  lead  one  to  make  a  lumbar  puncture,  especially  in 
an  epidemic 

Diagnosis. — In  outspoken  cases,  especially  in  epidemics,  the  disease  can 
scarcely  be  overlooked.  In  sporadic  cases,  and  in  atypical  forms,  the  dis- 
ease may  go  unrecognized  unless  lumbar  puncture  is  done.  The  cerebro- 
spinal fluid  contains  many  polymorphonuclear  leukocytes  with  intracellular 
(and  extracellular),  Gram-negative,  meningococci. 

Differential  Diagnosis. — 1.  From  meningismus  (in  typhoid,  pneu- 
monia, scarlet  fever,  etc.).  In  this,  there  may  be  rigidity  of  the  neck,  a 
positive  Kemig's  sign,  hyperesthesia,  and  increased  pressure  of  cerebro- 
spinal fluid,  hut  the  fluid  contains  neither  pus  cells  nor  bacteria.  In 
typhoid,  the  leukopenia  and  the  positive  blood  culture  are  helpful  in  dif- 
ferentiation. 

2.  From  secondary  meningitides,  following  otitis  media,  paranasal 
sinusitis,  etc  (streptococci,  staphylococci,  pneumococci,  influenza  bacilli). 
The  bacteriological  examination  of  the  fluid  (Gram-positive  cocci ;  bacilli) 
distinguishes  these  from  meningococcus  infections. 

3.  From  tuberculous  meningitis.  In  this  the  onset  is  slow,  herpes  is 
usually  absent,  the  spinal  fluid  may  be  clear,  or  only  slightly  turbid,  and 
the  sediment  consists  chiefly  of  mononuclear  lymphocytes,  not  of  polymor- 
phonuclear leukocytes.  Tubercle  bacilli  can  often  be  demonstrated  in  the 
fluid  obtained  by  lumbar  puncture. 

Seqnelsd. — These,  like  the  mortality,  have  been  greatly  reduced  since 
the  introduction  of  the  treatment  with  Flexner's  antimeningitis  serum. 
Formerly,  hydrocephalus,  deafness,  blindness,  paralyses  and  imbecility 
were  common  sequels. 

The  mortality  has  been  reduced  by  the  serum  treatment  from  75  per 
cent  to  about  25  per  cent.  When  epidemics  prevail,  immunization  by  dead 
cnltures  (Sophian  and  Black)  might  be  considered  as  a  measure  of  per- 
flonal  prophylaxis. 

(6)    Meningococcal  Arthritis 

(^Polyarthritis  meningococcica) 

This  is  occasionally  met  with  as  a  complication  of  cerebrospinal  menin- 
gitis ;  it  may  also  occur  in  the  absence  of  meningitis. 

(c)  Meningococcal  Sepsis 

In  the  bibliography  an  increasing  number  of  reports  on  meningococcal 
Bepsis  are  met  with,  in  which  the  meningococcus  has  been  grown  in  blood 
cultures. 
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6.    Diseases  Due  to  the  Micrococcus  melitensis 

The  Micrococcns  melitensis,  isolated  by  Bruce  (1887),  is  a  very  small 
c^>ccus.  It  is  Gram-negative,  and  grows  best  on  20  per  cent  ascites-agar. 
It  does  not  liquefy  gelatin.  It  is  pathogenic  for  monkeys,  and  gives  rise  in 
these,  and  in  rabbits,  to  specific  agglutinins.  It  is  one  of  those  micro- 
^^J^nisms  that  are  most  often  the  cause  of  accidental  infections  in  bac- 
teriological laboratories;  thus,  MacFayden  lost  his  life  from  infection  in 
the  laboratory  with  Micrococcus  meliiensis.  The  coccus  can  be  killed  in 
milk  by  heating  at  60°  C.  for  20  minutes  (M.  J.  Kosenau). 
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(a)    Vndulant  Fever 

(Malta  Fever,  Mediterranean  Fever) 

Definition. — This  is  a  septicemia,  with  chronic  course,  due  to  Micro- 
coccus melitensis,  and  characterized  by  periods  of  fever,  interrupted  by 
apyretic  intervals;  hence  the  name  "undulant  fever." 

Occurrence. — It  is  met  with  on  the  shores  of  the  Mediterranean  Sea, 
and  in  various  tropical  countries  (Asia,  Africa,  America).  An  endemic 
center  of  the  disease  exists  in  a  goat-raising  section  along  the  Rio  Grande 
in  Texas  (Gentry  and  Ferenbaugh). 

Portals  of  Entry. — It  gains  entrance  chiefly  by  way  of  the  alimentary 
tract,  from  drinking  raw  goats^  milk  containing  the  cocci ;  occasionally,  by 
insect  bites,  or  by  contact  (urine;  dust). 

Incubation  Period. — This  is  6  days,  as  proven  by  laboratory  infection. 

Symptoms. — These  are  indefinite  at  the  onset  (headache;  anorexia; 
tired  feeling  in  the  limbs).  The  temperature  rises  gradually,  though  oc- 
casionally, the  onset  is  sudden,  with  chills.  Sweating,  nausea,  and  insom- 
nia are  common.  The  abdomen  is  tender ;  constipation  is  marked ;  some- 
times there  is  irregular  diarrhea.  In  mild  cases,  the  temperature  may 
gradually  fall  at  the  end  of  10  days.  In  severer  cases,  it  lasts  longer.  After 
a  few  days  of  apparent  convalescence,  the  temperature,  in  the  majority  of 
cases,  rises  again  and  remains  elevated  for  2  or  3  weeks.  The  patient 
grows  anemic,  and  the  spleen  becomes  enlarged  and  tender.  The  blood 
shows  a  leukopenia.  Tenderness  and  swelling  of  the  joints,  and  metastatic 
orchitis  are  common  complications.  The  hair  often  falls  out.  Periods  of 
fever  and  of  apyrexia  may  alternate  for  months. 

Diagnosis. — This  is  easy,  if  blood  culture  be  made  (Micrococcus  meli' 
tensis).  In  the  recognition  of  the  coccus,  the  agglutination  test  (Konrich), 
and  the  complement-fixation  test  (Sicre)  are  helpful. 

Differential  Diagnosis. — (1)  From  typhoid  fever  and  paratyphoid;  (2) 
from  malaria;  (3)  from  acute  and  subacute  rheumatic  fever,  and  from 
infectious  arthritis. 

Prognosis. — In  general,  the  outlook  is  favorable,  the  mortality  being 
only  about  2  per  cent. 

Prophylaxis. — Cows  and  goats  become  infected  and  their  milk,  when 
taken  unboiled,  causes  the  disease  in  human  beings  (English  Mediter- 
ranean Fever  Commission).  The  disease  usually  disappears  from  a  com- 
munity, if  only  boiled  milk  is  taken,  though  infection  may  occasionally 
arise  in  other  ways  than  through  milk.  The  urine  of  patients  should  be 
disinfected. 
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B.    Diseases  Due  to  Bacilli 


L   Diseases  Due  to  the  Pneumobacillus  (Friedlander) 

PnenmobacilluB  (Friedlander). — This  is  a  short,  plump,  encapsulated 
rod,  which  forms  a  naillike  growth  on  gelatin  at  room  temperature  and  is 
pathc^enic  for  rahhita. 

It  occasionally  causes  a  croupous  pneumonia;  it  has  also  been  found  as 
a  cause  of  serositis,  and  of  meningitis. 
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2.    Diseases  Due  to  the  Scleroma  Bacillus 

BaciUiis  of  Rhinosderoma  (von  Frisch). — This  bacillus  closely  re- 
sembles Friedlander's  pneumobacillus,  but  is  less  virulent  for  animals. 
It  is  the  cause  of  rhinosderoma. 

(a)    Rhinosderoma 

This  is  a  chronic,  fatal  disease  of  the  air  passages,  infiltrating  (in  the 
fonn  of  bluish-red  hard  nodules)  the  skin  and  the  mucous  membrane  of  the 
nose,  mouth,  palate,  pharynx,  larynx,  or  external  auditory  canal.  The 
infiltrations  may  feel  as  hard  as  ivory.  In  the  nose,  they  lead  to  narrow- 
ing of  the  nasal  cavities,  and  obstruct  the  breathing.  The  disease  belongs 
among  the  "infectious  granulomata"  (along  with  tubercle,  gumma,  etc.). 
The  nodules  of  rhinosderoma  show,  however,  no  tendency  to  later 
softening. 

The  histology  of  the  infiltrated  area  is  characteristic  (masses  of  plasma 
cdls,  together  with  groups  of  large  clear  cells  (dropsical  degeneration)  con- 
taming  the  scleroma  bacilli). 
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3;    Diseases  Due  to  the  Anthrax  Bacillus 

Anthrax  Bacillus. — The  Bacillus  anthracis  is  a  large,  straight,  non- 
motile  rod  occurring  singly  or  in  chains,  in  cultures  often  assuming  a 
thread  form.  It  stains  easily  with  basic  anilin  dyes,  and  is  Gram- 
positive.  Outside  the  body,  spore  forms  that  are  very  resistant  develop. 
The  bacilli  do  riot  sporulate  except  in  the  presence  of  oxygen. 

The  bacilli  are  pathogenic  for  many  animals  (especially,  cattle  and 
sheep). 

(a)    Human  Anthrax 

Men  are  usually  infected  from  hides,  from  wool,  or  from  rags.  The 
spores  may  infect  the  skin  (anthrax  carbuncle,  malignant  pustule,  anthrax 
edema)  or  they  (or  the  bacilli  in  raw  meat)  may  be  swallowed  and  give  rise 
to  intestinal  anthrax,  with  symptoms  of  severe  hemorrhagic  enteritis.  In  a 
third  form,  the  spores  may  be  inhaled  and  give  rise  to  pulmonary  anthrax 
(woolsorter's  disease;  rag-picker's  disease)  characterized  by  hemorrhagic 
pneumonia,  hemorrhagic  pleurisy,  and  mediastinitis. 

In  all  three  forms  of  anthrax,  the  bacilli  may  spread  through  the  lym- 
phatics, and  reach  the  blood,  giving  rise  to  anthrax  septicemia. 

Laboratory  workers,  and  veterinarians,  should  exercise  the  greatest  care 
in  autopsy ing  anthrax  cadavers  (rubber  gloves). 
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4f.    Disease  Due  to  the  Bacillus  of  Malignant  Edema 

Bacillus  of  Malignant  Edema. — This  resembles  the  anthrax  bacillus  in 
its  shape  (rods,  threads).  It  also  is  Gram-positive.  It  differs  from  the 
anthrax  bacillus  in  being  strictly  anaerobic. 

In  human  beings  it  can,  though  rarely,  give  rise  to  a  form  of  gus  gan- 
grene,  resembling  that  due  to  the  gas  bacillus  of  Welch. 
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5.    Disease  Due  to  the  Gas  Bacillus  (Welch  and  Nuttall) 

Bacillus  aerogenes  capsulatns  (Welch  and  Nuttall). — This  is  com- 
monly known  as  the  gas  bacillus,  and  is  somewhat  similar  in  form  to  the 
anthrax  bacillus.  It  is  Gram-positive,  often  shows  capsule  formation,  is 
strictly  anaerobic,  and  is  pathogenic  for  guinea-pigs  and  for  sparrows.  E. 
Fraenkers  Bacillus  phlegmonis  emphysematosae  is  probably  identical  with 
Welch's  bacillus. 

(a)    Gas  Gangrene  {Hospital  Gangrene) 

This  disease,  formerly  so  common  as  a  complicating  infection  of  wounds 
in  the  surgical  wards  of  hospitals,  is  now  very  rare.  It  is,  however,  occa- 
sionally seen,  and  I  saw  it,  when  in  Manila  in  1899,  follow  a  bullet  wound 
in  an  unfortunate  American  soldier.  Reports  indicate  that  the  infection 
has  been  met  with  among  the  wounded  in  the  great  war  now  going  on  in 
Europe. 

The  tissues  swell,  become  discolored,  and  crackle  under  the  finger.  On 
incision,  a  turbid,  sanguinolent,  dirty-looking  exudate  is  visible,  in  smears 
of  which  the  thick  gas  bacilli  are  visible.  The  gas  bacillus  can  also  cause 
distention  of  the  uterus  in  puerperal  infection  {tympania  uteri)  ;  it  may 
also  give  rise  to  gas  cysts  in  the  lymph  vessels  of  the  vagina  (colpohyper- 
pksia  cystica). 

The  gas  bacillus  is,  however,  much  more  frequently  met  with  at 
autopsy  in  the  so-called  frothy  organs,  or  foamy  organs  (liver,  spleen,  kid- 
neys) in  which  spherical  cavities  due  to  post  mortem  multiplication  of  the 
hacilli  with  gas  formation  are  seen.  The  brain  and  liver,  on  section,  may 
show  holes  like  those  of  Swiag  cheese. 
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6.    Diseases  Due  to  the  Tetanus 

Tetanus  Bacillus. — Bacillus  tetani  (Nicolaier,  1884)  is  character- 
ized by  the  presence  of  a  terminal  spore,  which  makes  it  resemble  in 

form  a  nail  or  a  pin.  It  is 
slightly  motile,  Gram-positive, 
strictly  anaerobic,  and  patho- 
genic for  animals.  It  was  first 
grown  in  pure  anaerobic  cul- 
ture by  Kitasato  (1887),  who 
proved  that  it  multiplies  in 
locOj  giving  rise  to  a  powerful 
toxin  (tetanus  toxin) y  which  ex- 
tends along  the  nerves  to  the 
nerve  centers  and  causes  a  fatal 
intoxication  of  the  brain  un- 
less early  neutralized  by  tetanus 
antitoxin.  The  normal  habitat 
of  B.  tetani  is  the  intestinal 
tract  of  herbivorous  animals, 
hence  its  occurrence  in  manure, 
in  garden  earth,  in  street  dust^ 
etc.  The  house  fly  may  help  to  distribute  tetanus  spores.  The  spores 
are  very  resistant. 

(a)    Human  Tetanus 

(Lockjaw,  Trismus) 

Definition. — This  is  an  intoxication  of  the  nervous  system  with  tetanus 
toxin,  leading  to  tonic  spasm  of  the  muscles;  it  is  due  to  infection  of  a 
wound  with  B.  tetani. 


F\g.  65. — ^Tetanus  Bacilli.— Nail  Forms.  (After 
W.  Kollc  and  H.  Uetsch,  "Die  ezperimentelle 
Bakterioloi?ic,  etc./*  published  by  Urban  & 
Schwarzenberg,  Berlin. ) 
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Portal  of  Entry. — If  a  penetrating  wound  be  contaminated  with  garden 
earth,  manure,  or  street  dirt,  infection  is  liable  to  occur.  In  America, 
Fourth  of  July  wounds  (blank  cartridges)  have  frequently  been  followed 
by  fatal  tetanus. 

Diphtheria  antitoxin  may  be  contaminated  with  tetanus  toxin  and 
cause  death,  as  in  the  lamentable  experience  in  St.  Louis  (1901),  when  7 
children  succumbed  to  tetanus  thus  caused  (Bolton,  Fisch,  and  Walden). 
Vaccine  virus  and  bacterial  vaccines  may,  if  not  properly  controlled,  be 
contaminated  by  tetanus  spores.  A  United  States  law  (1902)  now 
requires  that  all  serums  and  vaccines  sold  in  interstate  traflSc  be  first  tested 
upon  animals  to  insure  freedom  from  contamination.  Gelatin  often  con- 
tains tetanus  spores  and  human  tetanus  has  been  produced  by  injection  of 
imperfectly  sterilized  solutions  of  gelatin,  used  as  a  hemostatic.  Human 
infection  is  usually  preceded  by  a  known  trauma  {tetanus  traumaticus). 
Sometimes  the  mode  of  infection  is  entirely  unknown  (tetanus  idiopath- 
icttf).  Formerly,  in  a  few  cases,  it  was  thought  to  follow  exposure  to  cold 
(tetanus  rheumaticus).  The  two  latter  forms  may  be  instances  of  infec- 
tion by  inhalation  of  tetanus  spores,  though  this  is  not  certain. 

Ihcnbation  Period. — This  varies  from  3  to  20  days;  it  is  usually 
between  4  and  10  days. 

Symptoms. — The  patients  first  notice  a  feeling  of  stiffness  and  tension 
in  the  masseters,  and  in  the  muscles  of  the  face  and  neck.  The  tonic  spasm 
of  the  muscles  of  the  face  gives  rise  to  a  characteristic  rigid  appearance 
Tumbling  a  smile  {risus  sardonicus).  Later,  the  muscles  of  the  trunk 
become  involved  and  there  may  be  marked  over-extension  of  the  back,  the 
body  being  supported  by  the  head  and  the  heels  (opisthotonus) ;  or  there 
may  be  rigidity  of  the  trunk  and  extremities  in  a  straight  line  (ortho- 
tonus) ;  or  spasm  of  the  abdominal  muscles  so  that  the  body  is  bent  for- 
ward (emprosthotonus).  External  stimulation  (noises,  etc.)  may  excite  a 
paroxysmal  increase  of  spasm,  associated  with  violent  pain  and  dyspnea. 
There  is  no  fever  at  first ;  later,  the  temperature  rises,  especially  just  before 
doath.  The  mind  is  usually  clear  throughout  Constipation  is  marked, 
and  defecation  is  painful.  When  the  face  is  the  portal  of  entry,  facial 
paralysis  occurs  and  there  is  difficulty  in  swallowing  (tetanus  facidlisy 
^^  tetanus,  tetanus  hydrophobicus). 

In  the  Southern  States,  especially  among  the  poor,  infection  at  the 
innbilicus  in  the  new-born  is  not  uncommon  (tetanus  neonatorum). 

The  tetanus  sometimes  seen  in  puerperal  infections  (tetanus  puer- 
^dxs)  is  usually  severe. 

Course  of  the  Disease. — In  the  severer  forms,  death  occurs  within  3  or 
4  days  after  the  appearance  of  the  symptoms.  If  the  patients  live  for  a 
^e4,  they  usually  recover.  In  the  milder  forms,  the  incubation  period  is 
linger,  and  all  the  symptoms  are  milder.  The  mortality,  before  the 
^cnon  treatment,  varied  from  50  per  cent  to  90  per  cent.    Since  the  cam- 
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paign  for  a  ^^safe  and  sane"  celebration  of  July  4tli,  for  the  radical  treat- 
ment of  penetrating  wounds,  and  for  prophylactic  inoculation  with  anti- 
toxin, has  been  carried  on,  a  great  many  cases  of  tetanus  have  undoubtedlj 
been  prevented. 

Diagnosis. — This  is  usually  easy  from  the  history  and  the  symptoms. 
In  doubtful  cases,  meningitis,  strychnin  poisoning,  and  rabies  should  be 
borne  in  mind.  Once  symptoms  have  appeared,  it  is  usually  too  late  to  save 
the  patient;  the  all-important  thing  is  to  prevent  the  development  of 
tetanus! 
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7.    Diseases  Due  to  the  Influenza 

Influenza  Bacillus. — Bacillus  inflitenzcB  (R.  Pfeiffer,  1892-3)  is  an 
extremely  minute  bacillus,  rather  irregular  in  length,  with  rounded  ends, 
and  very  diflScult  to  grow.  It  stains  best  with  dilute  carbol-f  uchsin ;  it  is 
Gram-negative,  non-motile.  It  is  aerobic,  and  grows  best  on  blood-agar,  on 
which  it  appears  as  minute,  colorless,  transparent  colonies.  Because  it 
grows  only  on  hemoglobin-containing  media,  it  is  classed  among  the  "hemo- 
gjobinophil'^  bacilli.  It  is  often  diflScult  to  distinguish  it  from  similar 
bacilli  (pseudo-influenza  bacilli,  bacillus  of  trachoma,  bacillus  of  whooping- 
cough,  xerosis  bacilli),  but  the  grouping  in  smears  of  purulent  secretion  is 
considered  characteristic.  The  organisms  rarely  form  chains,  but  lie  in 
irregular  thick  clusters,  without  parallelism. 

(a)    Influenza  {La  Grippe) 

Definition. — ^An  infectious  and  highly  contagious  disease,  due  to 
Bacillus  influenzce,  occurring  generally  in  epidemics ;  after  each  epidemic  it 
continues  to  appear  sporadically  for  several  years. 

In  the  great  epidemics  thousands  are  attacked  within  a  very  brief 
period.  Thus  half  the  inhabitants  of  a  district  may  be  attacked  within  a 
few  weeks.    The  morbidity  is  great,  the  mortality  usually  small. 

Portal  of  Entry. — Usually,  the  bacillus  enters  through  the  respiratory 
tract,  probably,  chiefly  by  "droplet-infection." 

Symptoms. — The  incubation  period  is  usually  from  1  to  4  days.  The 
symptoms  vary  according  to  the  predominant  localization  of  the  bacilli  or 
^keir  toxins.  The  onset  is  usually  sudden,  often  with  chills  and  fever. 
Herpes  simplex  is  very  often  present    In  most  cases,  the  attack  is  quickly 
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over.  In  others,  it  may  be  prolonged.  Convalescence  is  frequently  tedious, 
and  relapses  are  common.  Four  principal  types  of  influenza  are  distin- 
guished and,   in  all,   marked 

prostration    and   debility    are        f?/yyF^  3^i\   ^S 
prominent  features.  • — ■■^'   — 

1.  Influenza  of  the  respiror 
tory  tract,  with  rhinitis,  laryn- 
gitis, tonsillitis,  tracheobron- 
c  h  i  t  i  s,  paranasal  sinusitis. 
These  cases  are  often  compli- 
cated by  influenzal  pneumonia 
and  pleurisy. 

2.  So-called  influenzal  fe- 
ver with  headache,  prostration, 
myalgias,  anorexia,  and  de- 
pression, without  catarrhal 
symptoms. 

3.  Gastro-intestinal  influ- 
enza with  high  fever,  anorexia, 
herpes,  and  severe  diarrhea. 

4.  Influenza  of  the  central 
nervous  system.  Several  se- 
vere forms  of  influenzal  infec- 
tion of  the  central  and  periph- 
eral nervous  system  occur,  e.  g., 
influenzal  meningitis,  influen- 
zal encephalitis,  influenzal 
polyneuritis,  and  influenzal 
neuralgias  (persistent).  Dr. 
B.  A.  Cohoe  has  reported  a 
case  of  influenzal  meningitis, 
from  my  service. 

Pure  influenzal  infections 
do  not  necessarily  change  the 
leukocyte  count.  In  mixed  in- 
fection   with    streptoCOCci^  and  pj^,  66.-Influen,a.    (PerBonal  Observatloii.) 

pneumococci,    leukocytosis    is 

seen.     One  attack  does  not  confer  immunity,  but  rather  predisposes  to 

other  attacks. 

Complications. — ^Endocarditis,  meningitis,  orchitis,  nephritis,  polyar- 
thritis, conjunctivitis,  and  especially  otitis  media,  may  occur  during  the 
acute  process  or  as  sequelae. 

Patients  with  phthisical  or  bronchiectatic  cavities  are  often  influenza- 
bacillus  carriers,  and  may  be  responsible  for  a  revival  of  epidemics  from 
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year  to  year  when  climatic  conditions  increase  disposition  in  a  community. 
F.  P.  Lord  of  Boston  found  influenza  bacilli  in  the  sputum  in  a  largo 
proportion  of  exi)ectorating  patients  in  an  interepideniic  period.  Boggs 
has  caJJed  attention  to  the  presence  of  influenza  bacilli  in  the  sputum  from 
bronchiectatic  cavities. 
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i  Diseases  Due  to  the  Bacillus  of  Bordet  and  Gen^ou 

Badllns  of  Bordet  and  Oengou. — This  bacillus  closely  resembles  the  in- 
luenza  bacillus,  but  is  slightly  larger  and  shows  less  tendency  to  pleomor- 
pHsnu  It  is  usually  present  in  the  sputum  of  whooping-cough  patients, 
^Ddhas  been  cultivated  on  a  glycerin-potato-blood-agar  medium  (Bordet). 
his  a  bi-polar-staining  bacillus;  Bordet  and  Gengou  believe  that  it  is  the 
etiological  agent  in  whooping-cough  since  in  their  hands  the  serum  from 
wmvalescents  from  whooping-cough  yields  a  positive  agglutination  reac- 
tion, or  more  often  a  complement-fixation  reaction,  with  their  bacillus. 
Frankel,  however,  could  cultivate  this  bacillus  in  only  8  out  of  38  cases; 
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moreover,  serum  from  convalescents  never  agglutinated  it,  and  complement 
fixation  was  positive  in  only  1  of  5  cases  tested.  Similar  reports  are  made 
by  Scheller  (1912),  Odaira  (1911),  WoUstein  (1909),  and  Weil  (1913). 

Many  still  believe  that  the  disease  is  due  to  the  bacillus  influenzse. 
Czerny  thinks  that  whooping-cough  is  not  an  etiological  unity,  but  may  be 
due  to  diiferent  infectious  agents.  If  there  is  one  specific  agent,  the 
whooping-cough  due  to  it  may  be  called  "essential  whooping-cough,"  and 
the  other  forms,  "symptomatic  whooping-cough,"  Apparently  in  the 
spasmophil  diathesis,  a  cough  like  that  in  pertussis  may  occur  in  the 
absence  of  any  specific  infectious  agent 

Luetscher,  however,  finds  the  Bordet-Gengou  bacillus  present  in  many 
cases  of  whooping-cough  in  Baltimore.  According  to  Mallory  and  Homer, 
the  bacilli  are  present  in  great  numbers  on  the  surface  of  the  tracheal 
epithelium,  where  they  mechanically  paralyze  the  cilia.  The  question  of 
the  etiology  of  pertussis  is  not  yet  wholly  satisf  acorily  settled. 

I 

(a)    Whooping-cough 

(Pertussis,  Tussis  convvlsiva,  Fr.  Coqueluche) 

Definition. — A  disease  directly  contagious,  especially  in  its  early  stage, 
characterized  by  paroxysms  of  coughing,  often  accompanied  by  vomiting, 
and  occurring,  usually,  in  epidemics  among  children.  The  cough  in  the 
convulsive  stage  sets  in  with  a  series  of  5-30  short  expiratory  coughs,  fol- 
lowed by  a  loud  inspiratory  noise  (whoop).    For  the  etiology,  see  above. 

Susceptibility. — Among  animals,  dogs,  cats,  and  monkeys  are  known  to 
be  susceptible.  Children  between  6  months  and  5  years  of  age  are  extremely 
susceptible,  but  the  disease  may  occur  at  any  age.  One  attack  usually 
yields  permanent  immunity. 

Nature  of  the  Disease. — According  to  Reyher,  the  pertussis  syndrome 
may  arise : 

1.  From  an  intense  stimulus^  exerted  upon  the  respiratory  mucous 
membrane,  most  often  by  an  exogenous  cause  (essential  whooping-coughX 
The  exciting  stimulus  can  be  conditioned  by  (a)  the  production  of  special 
irritants  by  an  infectious  agent;  (b)  the  localization  of  an  infectious  agent 
at  a  site  of  predilection  for  reflex  cough  (e,  g.,  regie  interarytenoidea) ;  (c) 
the  factors  (a)  and  (b)  together. 

2.  From  a  heightened  irritability  of  the  nervous  system  of  the  sick 
child,  in  which  an  ordinary  catarrh  may  suffice  for  the  production  of  the 
syndrome;  here  an  endogenous  cause  plays  the  main,  role  (symtomdic 
whooping-cough).  This  is  observed  (a)  in  children  with  spasmophil  diath- 
esis, when  they  contract  an  ordinary  respiratory  cough;  (b)  in  older 
neuropathic  persons  in  the  same  circumstances, 

3.  From  a  combination  of  the  eflFect  of  an  intense  stimulus  with  a 
heightened  irritability. 
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Symptoms. — These  come  on  after  an  incubation  period  of,  ordinarily, 
3  to  8  days. 

In  the  catarrhal  stage,  they  consist  of  sneezing,  running  of  the  nose, 
headache,  lacrymation,  cough  and  slight  fever,  lasting  3  to  14  days. 

The  convulsive  sta^e  is  characterized  by  an  irrepressible  feeling  of 
tickling  in  the  larynx  and  repeated  paroxysms  of  coughing,  each  followed 
by  a  whoop.  At  the  end  of  a  paroxysm,  viscid,  glassy  sputum  is  expec- 
torated (or  expelled  by  gagging  or  vomiting  movements)  ;  on  microscopic 
examination  this  sputum  is  characterized  by  the  presence  of  large  amounts 
of  squamous  epithelium,  each  cell  stuffed  full  of  small  short  bacilli.  The 
paroxysms  may  be  so  severe  as  to  cause  asphyxia.  There  is  often  vomiting, 
epistaxis,  conjunctival  hemorrhage,  and  involuntary  urination  and  defeca- 
tion. After  a  paroxysm  there  is  a  brief  period  of  exhaustion  and  sweating. 
The  child  may  then  resume  its  play  and  act  as  though  it  were  perfectly 
well  A  child  may  suflFer  from  10  to  15  or  more  attacks  per  day.  The 
severer  attacks  occur  in  the  night  and  toward  morning.  Paroxysms  are 
often  precipitated  by  emotion,  crying,  pharyngeal  irritation,  dust,  etc. 
This  convulsive  stage  lasts  from  2  to  6  weeks ;  it  may  sometimes  continue 
for  several  months.    Convalescence  is  gradual. 

In  epidemics,  mild  and  abortive  cases  may  be  seen.  The  white  cell 
count  in  the  blood  is  usually  increased.  On  physical  examination,  signs  of 
diffuse  bronchitis,  and,  in  severe  cases,  of  pulmonary  emphysema  and  of 
dilatation  of  the  right  heart  are  found. 

Complications. — Capillary  bronchitis;  bronchopneumonia  (very  fatal 
in  young  children,  especially  if  rachitic  or  scrofulous)  ;  emphysema;  pneu- 
mothorax; apoplexy. 

Sequelae. — ^Emphysema;  pulmonary  tuberculosis;  tuberculous  men- 
ingitis. 

Diagnogis. — This  is  easy,  as  far  as  the  clinical  syndrome  is  concerned, 
in  typical  cases  with  the  whoop.  The  diagnosis  is  often  difficult,  or  impos- 
sible, in  the  catarrhal  stage,  especially  when  there  is  no  history  of  exposure. 
But  if  we  assume  the  existence  of  (1)  an  "essential  (specific)  whooping- 
cough,"  and  (2)  a  "symptomatic  (non-specific)  whooping-cough,"  there 
^11  often  be  great  difficulty  in  distinguishing  the  two.  One  may  make 
(1)  cultures  for  the  Bordet-Gengou  bacillus,  and  (2)  serodiagnostic  tests 
in  the  later  disease  or  in  the  convalescence  for  agglutination  and  for  com- 
plement fixation ;  but  the  antibodies  develop  too  late  in  the  disease  to  per- 
mit of  an  early  serodiagnosis  (Netter  and  Weil,  1913). 

In  the  catarrhal  stage,  or  in  rudimentary  forms,  we  may  (1)  seek  a 
history  of  exposure,  (2)  look  for  a  lymphocytosis,  (3)  look  for  pale  urine 
^  hi^  specific  gravity  rich  in  nric  acid ;  but  these  are  not  wholly  satisf  ac- 
^  data  on  which  to  make  a  diagnosis ! 

In  sucklings  and  in  children  up  to  2  years  of  age,  we  should  ascertain 
whether  or  not  the  signs  of  a  spasmophilia  (Chvostek's  facial  phenomenon. 
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increased  electrical  excitability  of  the  nerves)  are  present  In  case  they 
are  present  we  should  be  cautious  in  making  the  diagnosis  of  an  essential 
or  specific  whooping-cough;  it  may  be  only  a  symptomatic  whooping- 
cough  in  a  spasmophilic  child,  due  to  an  ordinary  catarrh  (Czerny) ;  the 
latter  diagnosis  is  strongly  supported  if  there  be  (1)  no  outspoken  catar- 
rhal stages  preceding  the  convulsive  attacks,  and  (2)  no  copious  excretion 
of  mucus  containing  flat  epithelium  full  of  bacilli,  at  the  end  of  the 
paroxysm. 

Tvherculosis  of  the  bronchial  glands  may  cause  similar  paroxysms 
(rontgenogram ;  percussion ;  tuberculin  test ;  course). 

Hysterical  cough  may  simulate  whooping-cough,  but  there  is  no  vomit- 
ing after  the  paroxysms  and  no  preceding  catarrhal  stage;  usually  there 
are  no  paroxysms  at  night  and  other  signs  of  hysteria  are  present. 
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9.    Diseases  Due  to  the  Plague  Bacillus 

Plagne  Bacilliis. — Bacillus  pestis  usually  assumes  the  form  of  a  short 
rod,  but  it  is  often  polyraorphoua ;  its  ends  are  rounded;  polar  st&in- 
ing  is  visible  in  methylene  blue  preparations;  it  is.  Gram-negative.  The 
ba(^iIlu^  is  non-motile.  It  grows  well  on  gelatin,  at  low  temperatures,  and 
is  non-liquefying.  It  ia  patliogenic  for  mice,  rats,  and  squirrels.  The 
bacillus  belongs  to  the  hemorrhagic-septicemia  group.  It  builds  no  true 
toxin,  but  injures  through  its  endotoxins. 

(a)    Plague 

DeAnitioiL — An  infection  due  to  Bacillus  pestis,  usually  causing 
swelling  of  the  nearest  lymph  gland  (bubo)  ;  it  may,  however,  give  rise  to 
septicemia,  or  to  pneumonia. 

Portals  of  Entry. — The  bacillus  usually  enters  through  a  minute  wound 
(flea-bite)  in  the  skin  (axillary  and  inguinal  buboes) ;  occasionally, 
entrance  is  by  inhalation  (plague  pneumonia).  Epidemics  in  rats  usually 
precede  the  larger  human  epidemics.     Rat  fleas  (Pulex  cheopia)  are  con- 


'^roed  in  the  transfer  of  the  bacilli  from  rat  to  rat,  and  possibly  also  from 
nt  to  man.  The  Pulex  irritans  or  common  flea  differs  somewhat  from  the 
rat  flea. 

When  plague  is  epidemic,  the  morbidity  increases  from  October  to 
Febmary  and  March,  and  then  declines. 

In  Egypt,  the  small  epidemics  are  of  the  bubonic  type  and  due  to 
infection  from  rats.  In  winter,  the  cases  are  often  of  the  pneumonic  type 
»d  tbe  infection  is  direct  from  man  to  man  (GottBchlich), 

bcnbation  Praiod. — Two  to  f)  to  10  days. 
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Symptoms. — After  a  brief  prodromal  period  (malaise,  anorexia,  head- 
ache, pain  in  back)  there  is  usually  a  sudden  onset  with  chill,  violent 
headache  and  vertigo,  often  with  nausea  and  vomiting,  high  fever,  delii^ 
ium.  In  one  or  two  days  a  bubo,  a  plague  pustule,  or  a  plague  pneumonia 
becomes  demonstrable.  As  members  of  a  Commission  to  the  Oient 
(1899),  Flexner  and  I,  with  Drs.  Flint  and  Gay,  had  opportunity  of 
studying  the  disease,  clinically  and  at  autopsy,  with  Lowson  in  Hong  Kong. 
Later,  with  Flint,  I  saw  800  cases  in  one  day  at  the  Plague  Hospital 
in  Poona,  near  Bombay.  On  the  average,  a  new  patient  entered  the  hos- 
pital every  8  minutes,  and  a  plague  cadaver  was  carried  out  every  10 
minutes  of  the  day. 

In  1900,  Flexner,  Novy  and  I,  as  a  Commission  appointed  by  the 
U.  S.  Government,  confirmed  the  diagnosis  of  the  existence  of  plague  in 
San  Francisco,  after  which  the  admirable  Campaign  of  Extermination 
was  undertaken  by  the  local  authorities  in  cooperation  with  the  United 
States  Public  Health  Service. 

The  Plague  Bubo. — The  lymph  gland  nearest  the  portal  of  entry  be- 
comes large  and  tender  (primary  bubo)  ;  thence,  the  bacilli  may  enter  the 
blood  and  cause  general  infection,  with  metastatic  involvement,  and  swell- 
ing of  distant  lymph  glands  (secondary  buboes).  The  juice  aspirated 
from  the  swollen  lymph  glands  contains  enormous  numbers  of  plague 
bacilli. 

Plague  Pustule,  or  Carbuncle. — This  is  a  bluish  red,  painful  infil- 
tration of  the  skin,  varying  in  size  from  that  of  a  hemp-seed  to  that  of  a 
quarter,  with  vesicle  formation ;  the  turbid  fluid  contents  contain  enormous 
numbers  of  plague  bacilli.    This  skin-plague  is  usually  metastatic  in  origin. 

Pneumonic  Plague. — This  is  the  severest  form  of  plague  and  is  almost 
uniformly  fatal.  The  hemorrhagic  sputum  contains  plague  bacilli.  Heart 
failure  occurs  early,  death  ensuing  in  from  2  to  5  days  after  onset  of  the 
infection.     Secondary  buboes  are  not  uncommon.     (Plate  IV,  Fig.  2.) 

Diagnosis. — ^This  is  easy  in  epidemics.  It  is  often  difficult  to  recog- 
nize the  first  case,  though  this  is,  of  course,  extremely  important.  The 
bubonic  form  is  sometimes  confused  with  inguinal  buboes  due  to  soft 
chancre,  or  to  gonorrhea.  If  plague  be  suspected,  the  lymph  gland  should 
be  aspirated,  and  the  juice  examined  bacteriologically.  Smears  stained 
in  carbol-methylene-blue  reveal  the  polar-staining  bacilli ;  the  nature  of  the 
bacillus  can  be  confirmed  by  cultures  and  by  inoculations  of  guinea-pigs. 

Recently  a  plagnrlike  disease  due  to  Bacillus  tularense  has  been  discovered  by 
McCoy  and  Chapin  in  California,  and  observed  by  Wherry  and  Lamb  in  Ohio, 
The  patients  present  an  ulcerative  conjunctivitis  involving  the  palpebral  conjunc- 
tivae and  accompanied  by  enlargement  of  the  preauricular  and  the  cervical  lymph- 
glands  on  the  side  affected,  fever,  and  prostration.  The  disease  appears  to  be 
contracted  from  rodents  (ground-squirrels,  wild  rabbits),  possibly  througfa  the 
intermediation  of  insects  (fleas,  flies). 
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10.    Diseases  Due  to  the  Typhoid  Bacillus 

Typhoid  Bacillus. — Bacillus  typhosus  (Ebertii-Gaffky)  ia  a  short 
rod  with  rounded  ends,  actively  motile  ( peritrichoua  flagelJa),  Btaiiiing 
with  ordinary  dyes,  but  Gram-negative,  it  is  easily  grown  on  ordioarv 
media,  not  liquefying  gelatin.  It  can  be  distinguished  from  B.  coii  by  : 
various  special  cultural  teste  (Drigalski-Conradi  medium,  Endo's  fuchiin- 
sulphite-agar,  litmus  milk,  indiil  formation,  etc.,  q.  v.),  and  from  B.  coli 


Fig.  08. — Tbis  Man  for  1007  Shows  a  r^rec  Number  of  Casrs  nintrlbulrd  Evealy  ThrongboDl 
a  City.  Many  of  Thi-sc  Cases  Were  I'robablj  Caused  by  Infected  Waler,  but  It  l»  H«rd 
to  Si-paratc  the  Cases  Caused  by  Water-borne  InfectloQ  from  Tbose  Caosed  by  Fll*«. 
(After  W.  R.  Stokeii  and  F.  W.  llachtcl,  Areb.  Int.  Med.) 
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Fit  to— The  Uap  tor  1006  Bbows  *  Trptcil  Ullk  Epidemic,  ■■  SbowD  br  Larie  Number  of 

Black  PlDH   In   Upiwr  Portioo  0(  Map.     Tbe  Beat  of  (be  Cltr,  wbcn  Compared   witb  the 

Hap  of  1907,  SbowB  ■  Uucb  Smaller  Number  of  Caaea.  (After  W.  B.  Btokci  aod  R  W. 
Hacbtel.  Arch.   Id  I.  Ued.) 

and  B.  paratypkosns  by  serological  reactions  (agglutiuin  test,  bacterioljsin 
test). 

The  typhoid  bacillus  belongs  to  the  so-called  typhoid-colon  group,  which 
includes  also  the  bacillus  of  hog-cholera,  Gartner's  bacillus,  the  paratyphoid 
bacillus,  the  dysentery  bacillus,  Bacillus  fecalts  alcaligenes,  and  the  bacil- 
Ina  of  mouse  typhoid. 

In  the  table  following  the  discussion  of  the  paratyphoid  diseases,  tlie 
charaeteristica  of  several  of  the  members  of  the  group  are  synoptically 
arranged. 

(a)    Typhoid  Fever 

[Typhus  abdominalis) 
ffiltoty. — Through  the  careful  analysis  of  clinical  symptoms  and  the 
rttidy  of  pathological  anatomy,  a  group  of  fevers  known  as  typhoid  fever 
*M  gradually  separated  from  other  conditions,  especially  from  typhus 
fMnthematicus,  relapsing  fever,  plague,  and  yellow  fever.  It  was  only 
after  lie  development  of  etiological  studies,  and  especially  after  the  intro- 
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duction  of  bacteriological  methods  and  biological  immunity  reactionfi  that 
this  "clinical  typhoid  fever"  could  be  further  analyzed,  and  divided  into 
several  distinct  diseases  on  the  ground  of  etiology  {B.  typhosus,  B.  paraty- 
phosus  A,  B.  paratyphosus  B,  etc.).  We  now  speak  of  these,  taken  together, 
as  the  typhoidal  diseases,  and,  among  them,  distinguish  (1)  typhus  ab- 
dominalis,  (2)  para  typhus,  and  (3)  typhus  manchuricus. 

Definition  of  True  Tjrphoid  Fever  (Typhus  abdominalis). — An  infec- 
tious disease  with  continued  fever  due  to  the  B.  typhosus,  which  is  always 
present  in  the  blood  of  patients  suffering  from  the  disease ;  the  fever  lasts 
usually  from  2  to  4  weeks.  The  disease  is  clinically  characterized  by  a 
palpable  spleen,  rose  spots,  leukopenia  and  a  pulse-temperature  curve 
that  shows  a  relative  bradycardia.  It  is  occasionally  complicated  by  in- 
testinal hemorrhage,  or  by  perforative  peritonitis.  The  mortality  of  the 
disease  varies  between  8  per  cent  and  12  per  cent,  in  most  epidemics. 

Bpidemiology. — Every  case  of  typhoid  comes  from  some  preexisting 
case,  directly  or  indirectly.  The  typhoid  patient  gives  off  typhoid  bacilli, 
chiefly  through  the  feces,  sometimes  also  through  the  urine ;  other  people 
are  less  often  infected  by  direct  contact  with  the  sick  than  by  indi- 
rect transmission  through  polluted  drinking-water,  milk,  or  food,  such 
pollution  often  being  due  to  the  so-called  typhoid  bacillus  hosts  (i.  e., 
persons  who  have  never  had  typhoid  or  who  have  had  an  attack   and 
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Fig.  70. — ^The  Spring  in  the  Brickyard  Furnished  an  Abundant  Supply  of  Clear  Water.  Fol- 
lowing the  Development  of  a  Typhoid  Case  in  the  Cottage  on  the  Hill,  lOS  of  the  200 
Workmen  in  the  Brickyard  Became  111  with  Typhoid  Fever.  (After  E.  O.  Jordan,  J.  Am. 
M.  AsR.) 

continue  to  give  off  from  their  bodies  bacilli,  for  a  shorter  or  longer  period, 
thus  menacing  the  health  of  people  about  them). 

Human  beings  who  harbor  typhoid  bacilli  are,  as  we  have  said,  spoken 
of  as  typhoid  hosts.  Among  them,  those  who  are  suffering  from  typhoid, 
or  who  have  earlier  had  typhoid,  are  called  typhoid-bacillus  excretors, 
while  those  who  have  never  had  typhoid,  or  at  any  rate  are  not  known  to 
have  had  it,  are  called  typhoid-bacillus  carriers.  The  condition  of  *^hosf' 
may  be  temporary  or  chronic.     Most  chronic  typhoid  hosts  are  women, 
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perhaps  because  they  more  often  suffer  from  gaU-stones.  Only  1  to  4  per 
cent  of  typhoid  excretors  become  chronic  typhoid  hosts,  though  many  are 
temporary  hosts  for  a  few  months  after  defervescence. 

Large  epidemics,  and  those  of  sudden  outbreak,  are  due  nearly  always 
either  to  a  contaminated  water  supply  or  to  a  contaminated  milk  supply. 
Small  epidemics  may  be  due  to  contaminated  foods  (oysters,  butter,  etc.). 
Food  may  be  infected  either  by  a  human  typhoid  host  or  by  flies.  The 
infection  atrium  in  human  beings  is  nearly  always  the  digestive  tract. 

Disposition. — Age  is  important,  the  majority  of  the  patients  infected 
being  between  the  15th  and  the  35th  year,  over  half  the  cases  occurring 
between  the  15th  and  25th  years.  Sex  is  important  only  in  as  far  as  the 
exposure  to  infected  material  differs.  Strong,  healthy,  young  people  are 
fully  as  often  infected  as  feebler  persons.  House  infection  (family  infec- 
tion) is  common  (contact,  common  drinking-water  and  food).  Sporadic 
cases  of  typhoid  are  usually  due  to  contact  infection,  often  from  carriers. 
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ITC-  71.— This  Chart  Shows  the  Typical  Seasonal  Rise  In  the  Cases  of  Typhoid  Fever  During 
the  UonthA  of  July,  August  and  September  When  Flies  are  Most  Prevalent  (After 
W.  R.  Stokes  and  F.  W.  Hachtel.  Arch.  Int  Med.) 
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The  morbidity  from  typhoid  fever  is  highest  in  the  summer  and 
autiuuD  months.    The  cases  are  fewest  from  January  to  April. 

Incubation  Period. — This  is  somewhat  uncertain;  it  is  believed  to  be, 
usually,  3  or  4  days,  but  occasionally  shorter  (1  to  2  days),  or  longer  (J 
to  3  weeks). 

Symptoms. — During  the  incubation  period,  certain  prodromata  maybe 
felt — anorexia,  slight  headache,  insomnia,  malaise,  bronchitis. 

The  patient  then  begins  to  have  fevek,  which  follows  a  characteristic 
course,  gradually  rising  (stadium  incrementi),  then  remaining  continuous 
(acme),  then  becoming  markedly  remittent  or  intermittent  (amphibolous 
stage),  and  finally  ending  by  lysis  (defervescence),  to  be  followed  by  a 
f&w  days  of  subnormal  temperature  in  the  early  part  of  convalescence. 


Fig.  73.— Temperature  Ch»rt  ot  Typhoid  Fever.    (Perioiul  ObBer'atlon.) 

It  is  practically  convenient  to  classify  the  clinical  symptoms  and  the 
pathological  changes  according  to  the  weeks  of  the  disease.  Tliis  practice, 
though  convenient,  is  purely  schematic,  and  every  physician  ia  familiar 
with  marked  deviations  from  the  scheme. 

The  laical  Course  of  Typhoid  Fever. 

First  Week  (Stadium  incrementi.  Hyperplasia  of  Peteb'e 
Patches). — The  fever  curve  shows  a  stcplike  ascent,  the  temperature 
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each  moroiog  and  evening  being  higher  than  that  of  the  day  before,  until 
br  tbe  3rd  or  the  5th  day,  it  may  be  104°  or  105°  F.  Among  the  symp- 
tomsof  the  first  week  are:  headache;  pain  in  the  back;  chilly  sensationB; 
nmetimes  actual  rigor ;  anorexia ;  disinclination  for  exercise ;  coated  tongue 
Tithretl  edges;  often  epistaxis;  slight  abdominal  distention;  usually  con- 
stipation, rarely  diarrhea;  sometimee,  palpable  spleen;  pulse  slow,  con- 


Fig.  T3.~T7pbold  rerer— Initial  Stilrragellke  Rise.     (Penonal  ObserratlaD.) 

tested  with  the  elevation  of  temperature,  often  dicrotic ;  sometimes  rhon- 
™  in  the  lungs.  The  psyche  may  be  a  little  dulled ;  there  is  rarely  delir- 
lom  at  this  stage  (initial  delirium).  The  skin  is  dry  and  hot.  No  herpes, 
^oatryza.  There  is  almost  always  a  leuko])enia  {W.  B.  C.  3,500  to  7,000) 
"I'll  relative  increase  in  the  large  mononuclear  cells.  The  blood  culture  ia 
fisitive  for  B,  typhosus  in  over  90  per  cent  of  tlie  cases  if  made  during  the 
"fstweek.  The  Widal  test  is  negative  at  this  stage.  The  ophthalmic  reac- 
tion of  Austrian  is  usually  positive.  The  diazo-reaction  of  Ehrlicb  is 
**«  positive  in  the  urine  after  the  middle  of  the  first  week,  though,  if 
"W  patients  drink  much  water,  it  may  not  appear. 
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Second  Week  (Fihst  Half  of  Stadium  acmes.  Neckostb  asd 
Sloughing  of  Peteb'b  Patches). — The  temperature  curve  during  the 
Becond  week  shows  a  continuous  fever,  witli  slight  morning  remisaions. 
The  pulse,  in  relation  to  height  of  fever,  may  be  only  slightly  accelerated  (a 
striking  feature)  ;  it  is  usually  dicrotic  All  the  subjective  symptoms  are 
exaggerated  until  the  10th  day,  when  the  headache  usually  stops,  and  the 
patient  becomes  more  apathetic  and  dull,  "typhoid  state,"  or  he  maj 
becomes  restless  and  delirious,  especially  at  night  In  the  severer  cases,  one 
may  notice  jumping  of  the  tendons  (subsuUus  tendinum),  or  a  tendenc; 
to  pick  at  the  bed-Kilo t lies  {carphologia).  Involuntary  urination  and  defeca- 
tion are  not  uncommon  in  soporous  patients. 

From  the  8th  day  on,  rose  Hpots  may  appear  on  the  abdomen,  the 
chest,  and  the  back,  coming  in  "crops."  This  typhoid  roseola,  when  pres- 
ent, is  very  helpful  for  diagnosis.  In  neglected  mouths,  wo  see  sordes  on 
lips,  teeth  and  tongue.  The  spleen,  as  a  rule,  becomes  palpable.  Meteo> 
ism  may  develop;  there  is  gurgling  in  the  right  iliac  fossa  on  palpation. 
Sometimes  there  are  pea-soup  stools  (3—4) ;  cultures  from  the  stools  yield 
typhoid  bacilli  (Drigalski-Conradi  medium;  Endo  agar).  Some  of  the 
patients  are  constipated.  There  is  usually  a  febrile  nephropathy  (oliguria, 
albuminuria,  cylindruria).  A  diffuse  bronchitis  can  usually  be  made  out 
on  auscultation.  The  leukopenia  continues  and  the  blood  cultiire  is  still 
positive,  but  there  are  fewer  bacilli  per  cubic  centimeter  of  blood.    T!» 


Fig.  74— Trphold  Fever— Ampblbalus  Stage — 2-Hour  Chtirt. 
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Widal  reaction  sometimeB  becomes 
positive  during  the  second  week, 
though  it  often  remains  negative. 
Intettinal  hsmorrhacs  is  not  un- 
common at  this  stage,  due  to  oozing 
from  the  hyperemic,  spongy  Peyer's 
patches. 

TuiBD  Week  (Sbcoitd  Half 
OF  Stadidm  acmeb.  Cohtinced 
Slotjouihq  of  Peyeb'b  Patches, 
WITH  Foeuation  of  Intebtinal 
Ulcebh). — The  temperature  chart 
may  continue  as  a  fastigium,  but  it 
now  often  enters  upon  the  period  of 
"steep  curves"  due  to  marked  morn- 
ing remisaiona  and  evening  exacer- 
bations {amphibolous  stage).  To- 
ward the  end  of  the  week,  the  even- 
ing temperature  may  begin  to  fall 
and  the  stadium  decrementi   com- 


Intestinal  hemorrhage  is  less 
common  than  in  the  second  wedt. 
From  this  time  on,  the  danger  of 
perforation  of  an  ulcer  and  of  per- 
forative peritonitis  must  be  kept  in 
mind.  Bed-sorea  (decubitus)  are 
prone  to  develop  in  the  very  sick, 
especially  when  the  skin  is  neg- 
lected or  in  dull  patients  with  uri- 
nary incontinence;  skillful  nursing 
will  usually  prevent  them.  Broncho- 
pneumonia or  circulatory  failure 
may  complicate  the  clinical  picture. 
The  mental  state  is  often  clearer 
than  in  the  second  week. 

Fourth  Week  (Lytic  Fall  of 
Tempebatuee,  or  Stadium  decre- 
mehti.  Healing  of  Ulceks). — 
The  subjective  symptoms  now  grad-' 
ually  disappear.  The  teniperature 
falls,  and  the  pulse  becomes  slower ; 
dia,  though  in  severe  cases,  a  slight 
^cardial  weakness.    The  spleen  may 
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cease  to  be  palpable.  The  metcorism  disappears.  The  tongue  be^iiuto 
clean  and  the  appetite  to  return.  The  thirst  lessens.  The  patient  lociB 
somewhat  emaciated  and  shows  a  moderate  grade  of  secondary  anemia. 
Fifth  Week  (Sdbnobmal  Tempebatitre.  Convalescence). — The 
temperature  now  becomes  subnormal,  and  remains  so  for  from  6  to  8  days. 

The    urine    increases  in 
amount ;  the  appetite  re- 
I  turns     and     usually    be- 

B  comes     ravenous.       The 

'  body  weight  begins  to  in- 

J  crease.    The  spleen  is  no 

;  longer  palpable  (except  in 

*  cases  liable  to  relapse). 
-  There  is  a  rather  marked 
g  bradycardia.  Sometimes 
^  desquamation  of  the  Aia 
?  occurs,  or  falling  out  of 
H                                                                                the    hair.       In    patients 

g  S  who  have  become  greatly 

)£  ^  exhausted  and  emaciated, 

y  j;  a   post-typhoid   psychosis 

£  a  may  develop  (exhaustion 

•^  *  psychosis). 

b  Variationa  from  the 

B  Typical   Gonrse    of  Tj- 

°  phoid     Fever.  —  Mild 

Q  Fobms. — In  some  cases, 

c  the  fever  is  never  high 

^  and  is  over  in  a  few  dajs 

o  {typhus  levissimus).    In 

•  a  few  cases,  the  symptwns 
"  may  be  severe  at  first, 
„  with     high     fever,    and 

then    quickly    disappear 

i  (typhus      abortivus). 

Fig.   76.— Chart   Showing   that   Wclghl   Eqalllbrlnm   Can       When  the  fall  of  temI«^ 

be   MatnWInwi    by    thp   High    Calorj-    Dipt   In   Typhoid        ature  IS  bv  Crisls,  STWrsd- 

Fevcr.      (AfWr  W.  ColemaQ.  Adb.  J.  M.  8c.)  •     ,       i        "i  V>  -nf 

ic  typhus  fever,  or  Brill  8 
disease  may  be  suspected ;  if  the  blood  culture  be  negative  for  B,  typhosus 
and  for  B.  paratyphosus,  a  guinea-pig  should  be  injected  and  the  tempera- 
ture curve  watched  (Anderson's  test  for  Brill's  disease,  q.  v.)  and  an  an* 
ai'robic  culture  made  by  Plotz's  method  for  B.  lyphi-exanihemaiici. 

Many  patients  go  \o  bed  as  soon  as  the  temperature  begins  to  rise, 
but,  in  some,  the  general  symptoms  are  so  slight,  or  the  infected  are  so 
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indiscreet,  that  die  pa- 
tients walk  about  (iy- 
fhiis  ambviaiorius) 
until  they  are  sur- 
prised, perhapB,  by  an 
btestinal  hemorrliage, 
or  by  the  symptoms  of 
perforative  peritonitis. 
Beemdeacencet 
and  S«lapge8  in  Ty- 
phoid Fever. — In  the 
stadium  decrement!, 
the  temperature,  in- 
Etead  of  continuing  to 
fal],  may  rise  again 
(recrudescence  or  in- 
tercurrent  relapse), 
or,  in  the  period  of 
TODvaleacence,  after 
the  temperature  has 
been  normal,  or  even 
subnormal  for  from  1 
to  50  days,  it  may 
gradually  rise  again, 
tlie  patient  passing 
thmngh  a  second  usu- 
illy  shorter  and  often 
less  severe  attack  (true 
relapse  or  recidive'). 
A  patient  may  suffer 
frcm  two,  three,  or 
even  more  of  these  re- 
lapses. At  the  begin- 
ning of  every  relapse^ 
blood  cultures  show  a 
renewal  of  the  baeil- 
l  e  m  i  a .  Autopsies 
Bide  in  such  cases 
show  involvement  of  a 
Mw  get  of  Peyer's 
patches,  or  of  solitary 
follicles,  with  each  re- 
Iipte.     Such   relapses 

Be    oftcai      attributed  g^  n.-Typboia  Selapiei.      (MwJ.  Serrlce.  J.  I 
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by  the  patient  or  hia  friends  to  dietetic  errors.  The  real  cause  of  relapse 
is  wholly  unknown.  This  much  is  certain — the  bacilli  reappear  in  the 
blood  and  the  mesenteric  lymph  system  becomes  reinfected. 

OompUcationa  of  Typhoid  Fever. — A  number  of  these  are  of  great 
importance,  especially  (1)  intestinal  hemorrhage,  (3)  intestinal  perfora- 
tion, (3)  venous  thrombosis.     Other  complications  to  be  kept  in  mind  are, 


(4)  bronchopneumonia,  (5)  otitis  media,  (6)  myocardial  insuEBciency, 
(7)  pleuritis,  (8)  nephritis,  (9)  cystitis,  (10)  parotitis,  (11)  abortion 
(in  pregnant  women),  (12)  meningiamus  and,  rai-ely,  meningitis,  (13) 
thrombosis  of  cerebral  arteries,  (14)  typhoid  spine,  (15)  cholecystitis, 
(16)  funinculosis,  and  (17)  peripheral  neuritis. 

In  rare  cases,  the  typhoid  hacilli  localize  in  the  hmg,  kidney  or  men- 
inges, and  set  up  violent  local  inflammations  {pneumotyphus,  nephro- 
typhus,  meningotyphus). 
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Intestinal  IIemoeriiage. — This  complication  occurs  most  often  be- 
tween the  6th  and  the  20th  day,  though  hemorrhage  may  occur  as  early  as 
the  6th  or  later  than  the  36th  day.  A  patient  may  have  a  single  hemor- 
rhage, or  he  may  have  two,  three,  four,  or  more.  In  small  hemorrhages, 
the  blood  is  usually  mixed  with  the  feces,  which  have  a  black  or  tar-like  ap- 
pearance. If  the  bleeding  be  profuse,  or  the  intestinal  peristalsis  lively,  red 
blood  may  be  passed.  The  quantity  of  a  single  hemorrhage  may  vary  from 
a  tablespoonf ul  to  a  liter  or  more ;  a  larger  hemorrhage  may  be  signalled  by 
a  fall  of  several  degrees  of  temperature,  even  to  subnormal,  while  the  pulse 
becomes  small,  and  it  and  the  breathing  are  accelerated ;  the  skin  grows  sud- 
denly pale  and  cool.  The  leukocytes  are  slightly  increased.  Such  symp- 
toms justify  the  diagnosis  of  hemorrhage  even  before  the  blood  has  been 
passed  in  the  feces.  The  cerebral  symptoms  are  often  considerably  relieved 
by  intestinal  hemorrhage.  The  death  rate  in  cases  complicated  with  hem- 
orrhage is  probably  three  times  greater  than  the  average  in  cases  without 
hemorrhage. 

Intestinal  Perforation  and  Perforative  Peritonitis. — This 
dreadful  complication  fortunately  occurs  in  only  a  small  percentage  of  the 
cases  (2—3  per  cent)  ;  it  is  accountable,  however,  for  from  6  to  12  per 
cent  of  the  deaths  in  typhoid  fever.  It  occurs  most  often  in  the  3rd,  the 
4th,  or  the  5th  week,  and  is  more  often  seen  in  the  cases  in  which  the  gen- 
eral symptoms  are  severe,  though  occasiotially  it  is  met  with  in  very  mild 
cases.  It  may  occur  as  late  as  the  100th  day.  L^sually,  there  is  only  one  per- 
foration, but  there  may  be  two,  or  even  several.  The  site  of  perforation  is 
in  the  base  of  an  ulcer,  most  often  at  the  lower  end  of  the  ileum,  occasionally 
in  the  colon,  rarely  in  the  upper  part  of  the  small  intestine,  or  in  the  vermi- 
fonn  appendix.  The  immediate  cause  of  perforation  may  be  extension  of 
the  necrosis  to  the  surface;  more  often  it  is  the  result  of  rupture  of  the 
tliinned  wall  from  gaseous  distention  or  from  violent  peristalsis ;  occasion- 
ally, it  follows  attempts  at  defecation. 

The  most  important  symptom  of  perforation  is  a  sudden  pain  in  the 
ahdomenj  referred  either  to  the  whole  abdomen,  or  to  a  definite  spot  in  the 
right  iliac  fossa.  This  is  usually  followed  by  colicky  pains,  hiccough,  and 
later,  by  nausea  and  vomiting.  On  gentle  palpation,  local  tenderness  and 
muscle  spasm  can  often  be  made  out  Obliteration  of  liver  dullness  and 
abolition  of  abdominal  breathing  are  early  and  important  indications  of 
this  disease. 

The  patient  has  an  anxious  expression  at  first ;  later  on,  when  perfor- 
ative peritonitis  has  developed,  he  may  become  euphoric,  though  restless. 
The  pulse  is  usually  accelerated  and  feeble.  The  face  looks  pinched,  pale 
and  slightly  cyanotic,  and  the  body  may  be  covered  with  a  cold  sweat.  The 
feet  and  hands  and  the  end  of  the  nose  grow  cool,  the  temperature  begins 
to  rise ;  the  white  cell  count  in  the  blood  rises,  and  the  polymorphonuclears 
may  become  relatively  increased. 
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The  blood-pressure  often  rises  sharply  at  the  time  of  perforation, 
though  it  may  remain  unchanged.  A  patient  who  complains  of  abdominal 
pain,  especially  of  sudden  pain,  should  be  carefully  watched  for  the  signs 
described ;  should  they  appear,  perforation  has  almost  certainly  occurred, 
and  will  be  followed  by  increasing  distention,  lessened  respiratory  move- 
ment of  the  abdomen,  increase  of  the  tenderness,  the  rigidity  and  the 


mg.  79. — Tjpbold  Pertoratloit. 

muscle  spasm,  along  with  signs  of  free  fluid  in  the  peritoneal  cavity. 

The  diagnosis  of  the  condition  should  be  made  before  general  perito- 
nitis develops,  since  if  perforation  has  occurred,  the  earlier  the  operation  is 
done,  the  greater  the  chance  of  saving  the  patient.  Every  hour  counts. 
Two,  or  three,  out  of  every  five  eases  of  perforation  in  typhoid  fever  can  be 
saved  if  operation  be  skillfully  done  within  a  few  hours  after  perforation 
has  occurred.  It  is  better  in  doubtful  cases  to  operate  quickly  than  to  wait, 
even  if  now  and  then  the  abdomen  be  opened  in  the  absence  of  perforation. 

Vknous  Thrombosis.— This,  when  it  occurs,  most  often  involves  the 
femoral  vein.  After  complaint  of  pain  and  tenderness  in  Scarpa's  tri- 
angle, the  pulse  becomes  accelerated,  the  lower  extremity  begins  to  swell, 
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and  the  white  cell  count  in  the  blood  begins  to  increase.  The  swelling  of 
the  leg  continues  usually  for  from  4  to  6  weeks,  after  which  it  gradually 
decreases,  though  there  may  be  a  tendency  to  edema  of  the  leg  ever  after. 
Other  veins  occasionally  become  thrombosed.  Lewis  Conner  has  called 
attention  to  the  frequency  of  pulmonary  infarction  in  cases  of  typhoid 
thrombophlebitis. 

Other  Complications. — These  have  been  referred  to  above.  For  a 
discussion  of  (1)  the  causes  of  chills,  (2)  the  skin  complications,  and  (3) 
the  bone  lesions  that  may  occur,  the  articles  of  McCrae  and  of  Cursch- 
mann  should  be  consulted.  In  Lewis  Conner's  article  will  be  found  an  ex- 
cellent account  of  the  various  post-typhoidal  elevations  of  temperature 
that  may  be  met  with. 

Diagnosis  of  Typhoid  Fever. — This  is  usually  easy  before  the  end  of 
the  first  week,  even  early  in  the  first  week,  if  the  following  points  be  kept 
in  mind : 

(1)  Increasing  fever,  pulse  slow  in  relation  to  the  elevation  of  the 
temperature;  (2)  headache;  (3)  leukopenia;  (4)  absence  of  coryza,  and  of 
herpes;  no  malarial  parasites  in  the  blood ;  (5)  blood  culture  in  Conradi's 
bile  medium;  (6)  ophthalmo-reaction,  as  modified  by  Austrian. 

I  would  emphasize  especially  the  importance  of  the  blood  crdtnre  for 
the  early  diagnosis  of  typhoid  fever.  Any  physician  can  draw  blood,  asep- 
tically,  from  the  vein  at  the  bend  of  the  elbow,  and  place  some  of  it  in  a 
tube  of  sterile  bile  bouillon.  It  should  then  be  sent  to  a  bacteriological 
laboratory  for  incubation  and  study.  A  positive  result  can  be  obtained  in 
90  per  cent  of  the  early  cases  in  from  16  to  24  hours. 

I  would  also  emphasize  the  fact  that  the  Widal  reaction  is  of  very  lit- 
tle value  in  the  early  diagnosis  of  typhoid  fever,  though  it  may  be  very 
helpful,  later  on,  in  cases  of  doubtful  diagnosis  in  which  the  blood  culture 
has  been  negative.  In  the  second  week,  the  occurrence  of  typical  rose  spots 
is  most  helpful  in  diagnosis. 

Differential  Diagnosis. — Certain  febrile  diseases,  without  positive 
physical  findings  at  the  beginning,  may  closely  resemble  typhoid  fever. 
We  must  differentiate  it: 

1.  From  central  pneumonia  (leukocytosis;  herpes;  rontgenogram ; 
tachypnea). 

2.  From  miliary  tuberculosis  (blood  culture  negative  for  B.  typhosus; 
tubercle  bacilli  occasionally  demonstrable  in  blood  if  10  c.c.  be  received  in 
3  per  cent  acetic  acid  and  treated  with  2  per  cent  antiformin  solution  and 
examined  microscopically;  rontgenogram  of  lungs;  choroidal  tubercles; 
cyanosis;  dyspnea;  family  history;  evidences  of  earlier  tuberculosis). 

3.  From  septicemias  due  to  staphylococcus,  streptococcus,  etc.,  includ- 
ing osteomyelitis  (the  blood  culture  and  leukocytosis  decide  in  all  these 
cases). 

4.  From  meningitis  (lumbar  puncture;  polymorphonuclear  leukocy- 
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tosis ;  blood  culture  negative  for  typhoid).    A  mentngismus  in  iyphoid  fre- 
quently simulates  meningitis. 

5.  From  typhus  exantkematicua  or  Brill's  disease  (blood  culture; 
tachycardia;  eruption;  Anderson's  giiinea-pig  test,  q.  v.). 

6.  From  relapsing  fever  (spirochetes  in  stained  blood-smear;  tem- 
perature chart). 

7.  From  the  different  varieties  of  malaria  (parasites  in  the  blood; 
blood  culture  negative). 

8.  From  secondary  syphilis  (negative  blood  culture;  positive  Wa3se^ 
mann;  remains  of  chancre), 

9.  From  trichinosis  (negative  blood  culture;  outspoken  eosinophilia ; 
histology  of  excised  muscle ;  history  of  eating  raw  ham  or  sausage). 

10.  From  influenza  (herpes;  often  coryza;  negative  blood  culture). 

11.  From  ulcerative  endocarditis  (cocci  in  blood  culture;  leukocytosis; 
heart  murmurs ;  conjunctival  petechife). 

Prophylaxis  of  Typhoid  Fever. — The  secret  in  prophylaxis  is  to  remem- 
ber that  the  source  of  all  new  iyphoid  infections  (in  the  last  analysis)  is  the 
infected  human  being  (R,  Koch).  The  early  diagnosis  of  typhoid  cases, 
the  disinfection  of  excreta,  the  bacteriological  control  of  typhoid  hosts, 
including  the  bacillus  carriers,  the  protection  of  tlie  water,  the  milk,  and 
the  food  supply,  the  avoidance  of  infection  by  direct  contact  (fingers'), 
and  the  campaign  against  flics,  are  important  measures. 

Typhoid  Hosts. — The  healthy  carrier  presents  a  difficult  problem.  A 
reasonable  man  may,  if  he  be  a  chronic  host,  be  led  to  disinfect  his  feces 
and  his  urine,  but  the  majority  of  carriers  can  scarcely  be  induced  or 
forced  to  take  such  precautions.  It  is  impracticable  ti3  isolate  all  carriers, 
but  care  should  be  tnken  to  see  to  it  that  th6y  engage  in  occupations  that 
have  nothing  to  do  with  the  preparation,  or  transport,  of  foods,  milk,  nr 
drinking-water.     It  was  hoped  that  extirpation  of  the  gall-bladder  would 
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experience  of  the  United  States  Army  during  the  recent  mobilization  on 
the  Mexican  border,  prove  conclusively  the  value  of  preventive  inocula- 
tion against  typhoid.  Three  successive  injections  of  the  dead  bacilli,  in 
suitable  numbers,  protect  for  1-2-3  years  or  longer.  The  work  of  Major 
F.  F.  Russell  of  the  United  States  Army  in  connection  with  prophylactic 
vaccination  has  been  notable. 

(b)    Gastroenteritis  Due  to  Bacillus  typhosus 
(Gastroenteritis  typhosa) 

In  rare  instances,  the  typhoid  bacillus,  instead  of  causing  typhoid  fever, 
gives  rise  to  an  acute  gastroenteritis  of  sudden  onset,  with  vomiting  and 
violent  diarrhea,  abdominal  pain,  and  fever,  lasting  two  or  three  days.  The 
typhoid  bacillus  can  be  grown  from  the  feces.  A  few  bacilli  may  get  over 
into  the  blood,  and  the  serum  later  agglutinates  the  typhoid  bacillus.  Here 
we  have  to  deal  with  a  wholly  diflFerent  disease  from  typhoid  fever;  in 
gastroenteritis  typhosa,  it  is  the  surface  of  the  intestinal  mucous  mem- 
brane which  is  attacked,  as  in  Asiatic  cholera,  while  in  true  typhoid  fever 
it  is  the  mesenteric  lymph  paths  and  the  lymphatic  tissue  of  Peyer's  patches 
and  the  solitary  follicles  that  are  predominantly  involved. 
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IL    Diseases  Due  to  B.  paratyphosus 

Paratyphoid  Bacilli — The  Bacillus  paratyphosus  has  been  studied  care- 
fully by  Schottmiiller,  and  by  Kayser.  There  are  two  forms,  the  Bacillus 
paratyphosus  A  (or  acidumfaciens)^  and  the  BacilliLS  paratyphosus  B  (or 
alkalifaciens) .  Of  these  two,  the  second  is  much  the  more  important  as 
the  cause  of  disease  in  human  beings,  though  either  may  be  concerned. 

Each  of  them  is  capable  of  setting  up  a  disease  that  clinically  (aside 
from  bacteriological  examinations)  is  indistinguishable  from  ordinary 
typhoid  fever,  but  the  same  organism  is  capable  of  causing,  in  addition  to 
a  disease  like  clinical  typhoid  fever,  any  one  of  several  local  diseases  in 
the  body,  viz.:  (1)  gastroenteritis  paratyphosa,  (2)  pyelitis  paratyphosa, 
(3)  endometritis  paratyphosa,  (4)  cholecystitis  paratyphosa,  and  (5) 
meningitis  paratyphosa.  The  cases  may  occur  sporadically,  or  in  epidemics. 
The  infections  with  paratyphoid  bacilli  are  far  less  numerous  than  cases  of 
infection  with  the  B.  typhosus, 

(a)    Gastroenteritis  paratyphosa  B  (Cholera  nostras  paratyphosa) 

It  turns  out  that  a  gastro-intestinal  form  of  meat-poisoning,  or  food- 
poisoning,  is  often  due  to  the  local  action  of  paratyphoid  bacilli,  especially 
of  variety  B  upon  the  mucous  membrane  of  the  stomach  and  intestine. 

Sjrmptoms. — The  onset  is  sudden,  with  violent  abdominal  pain.  There 
are  frequent  stools  for  one  or  two  days,  after  which  there  may  be  constipa- 
tion. The  fever  is,  as  a  rule,  not  high.  Sometimes  nausea  and  vomiting 
accompany  the  attack.  Recovery  usually  follows  in  a  few  days.  In  severer 
cases  of  summer  diarrhea  (cholera  nostras)  ^  the  symptoms  may  last 
longer.  Herpes  and  rose  spots  may  appear.  In  fatal  cases,  delirium  and 
convulsions  are  not  uncommon.  Cramps  in  the  calves  of  the  legs  may 
occur.    There  is  outspoken  thirst. 

Diagnosis. — The  clinical  picture  indicates  the  presence  of  a  gastroen- 
teritis. The  demonstration  of  the  causal  agent  depends  upon  cultures  from 
the  stools  (smears  on  Endo's  agar,  on  Drigalski-Conradi  medium,  or  on 
malachite-green-agar),  with  subsequent  identification  of  the  bacillus 
through  fermentation  tests  and  by  agglutinative  or  bacteriologic  tests  with 
a  known  immune  serum  (q.  v.). 

(b)    Paratyphus  ahdominalis  B 

(Typhoid  Form  of  Meat-,  or  Food-poisoning) 

Here,  clinically,  the  picture  is  that  of  ordinary  typhoid  fever.  The 
fever  is  usually  milder,  however,  rarely  remaining  continuous  for  more 
than  a  short  time;  the  average  duration  is  briefer  (21  days).  The  rose 
spots  are  indistinguishable  from  those  of  typhoid.  Herpes  occurs  in  50 
per  cent  of  the  cases  (in  marked  contrast  with  typhoid).    Intestinal  hemor- 
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rhage  is  much  rarer  than  in  typhoid.  Perforation  occasionally  occurs. 
The  spleen  is  enlarged.  The  pulse  is  dicrotic  and  relatively  infrequent,  as 
in  typhoid,  and  there  is  leukopenia  with  relative  lymphocytosis.  The 
agglutination  titer  of  the  serum  is  usually  higher  for  Bacillus  paralyphosus 
B  than  for  Bdcillns  typhosus.  The  Bacillus  paratyphosus  B  can  he  ob- 
tained by  blood  culture,  early  in  the  disease.  Relapses  are  less  common 
than  in  typhoid,  though  they  sometimes  occur. 

Most  patients  recover.  In  fatal  cases,  the  intestinal  lesions  may 
resemble  those  of  typhoid,  but  thus  far  only  a  few  autopsies  are  on  record ; 
sometimes  there  are  no  lesions  in  Peyer's  patches,  as  in  Longcope's  casa 

Diagnosis. — A  clinical  picture  resembling  that  of  typhoid  fever,  but 
beginning  with  a  chill  and  associated  with  diarrhea,  abdominal  pain  and 
herpes,  speaks  for  paratyphoid.  The  exact  diagnosis  depends  upon  the 
demonstration  of  the  B.  paratyphosus  in  the  blood  culture,  and  of  specific 
agglutinins  and  other  immune  bodies  in  the  serum,  later  on. 

(c)    GaHroenteritis  paratyphosa  A  and  Paratyphus  ahdominalis  A 

This  organism,  also,  can  cause  (1)  a  disease  resembling  typhoid  fever 
{parathyphus  abdominalis  4),  and  also  (2)  a  gastroenteritis  {gastroenter- 
itis paratyphosa  A). 

(d)    Typhus  manchuricus 

Comparatively  recently,  Russian  physicians  have  studied  the  typhoid 
fever  of  Manchuria  {typhus  manchuricus).  The  blood  contains  a  bacillus 
belonging  to  the  typhoid-paratyphoid  group.  Whether  it  is  a  bacillus 
already  known,  or  a  new  variety,  has  yet  to  be  determined. 

A  table  based  upon  Schottmiiller's  findings  and  contrasting  the  mor- 
phological and  cultural  properties  of  bacteria  of  the  typhoid-colon  group  is 
here  appended.     (See  next  page.) 
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HZ.    Diseases  Due  to  the  Colon  Bacillus 

Colon  Bacillus. — The  colon  bacillus  Bacterium  coli  commune  (Esch- 
erich)  is  a  short,  plump  rod,  constantly  present  in  the  normal  intestine  of 
man  and  of  animals.  Morphologically  and  tinctorially,  it  resembles  the  ty- 
phoid bacillus,  though  it  is  less  motile,  having  fewer  flagella.  Its  distin- 
guishing characters  are  given  in  the  table  preceding.  It  is  Gram-negative, 
and  is  only  slightly  pathogenic  for  animals. 

(a)    Local  Infections 

It  not  infrequently  causes  local  inflammations  and  suppurations 
(cholangitis,  cholecystitis,  hepatic  abscess,  peritonitis,  appendicitis,  pye- 
litis, and  cystitis).     See  especially  Part  X. 

(6)    Coli'Sepsis 

Definition. — This  is  a  sej/ticemia  due  to  the  B.  coli,  the  infection-atrium 
being  usually  the  biliary  passages  or  the  intestine,  more  rarely,  the  uro- 
genital passages. 

Symptoms. — The  temperature  is  markedly  intermittent,  and  chills  are 
common.  The  pulse  rate  corresponds  to  the  height  of  the  temperature. 
Suppurative  metastases  are  very  common  (spleen ;  lungs ;  kidneys).  Endo- 
carditis is  a  frequent  accompaniment.  A  leukocytosis  of  7,000-12,000  or 
higher  is  present.  The  bacilli  are  quickly  removed  from  the  blood,  and 
thus  often  escape  detection  by  blood  culture. 
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13«    Diseases  Due  to  the  Dysentery  Bacillus 

Dysentery  Bacillus. — The  Bacillus  dysenterice  is  met  with  in  several 
forms  (type  Shiga,  type  Flexner,  type  Strong,  type  Y  or  His,  etc.).  The 
differential  characters  are  shown  in  the  tahle  given  on  page  250. 

(a)    Bacillary  Dysentery  {Epidemic  Dysentery) 

Definition. — This  is  an  infectious  inflammation  of  the  large  intestine, 
and  is  accompanied  by  diarrhea,  with  blood,  mucus,  and  dysentery  bacilli 
in  the  stools.  The  disease  is  not  accompanied  by  a  bacteriemia  as  a  rule, 
though  occasionally  the  bacillus  can  be  isolated  from  the  blood  as  well  as 
from  the  stools;  the  bacilli  are  localized  in  the  intestinal  mucous  mem- 
brane and  in  the  mesenteric  lymph  glands  whence  the  toxins  pass  to  the 
blood  and  give  rise  to  a  general  intoxication. 

The  different  types  of  dysentery  bacilli  are  best  distinguished,  according  to 
Lentz,  by  growth  on  3  forms  of  litmus  agar  (mannite,  maltose,  saccharose). 
Agglutination  tests  with  immune  sera  are  also  helpful. 

Epidemiology. — Like  typhoid,  cases  of  epidemic  dysentery  arise  from 
some  sick  individual,  directly  or  indirectly.  Fingers  and  flies  play  a  role 
in  the  contamination.  Mild  infections,  in  ambulant  patients,  are  especially 
dangerous  to  other  individuals.  Healthy  bacillus  carriers  are  often 
observed,  and  have  been  proven  to  be  the  starting  point  of  epidemics  in 
recent  years.  Direct  contact  infection  is  more  common  than  infection  by 
polluted  water,  though  water,  milk,  and  foods  are  sometimes  a  source.  The 
disease  prevails  in  the  summer  months,  and  is  especially  common  among 
large  aggregations  of  pepple  (army  camps,  festivals,  etc.). 

Sjrmptoms. — An  acute  and  a  chronic  form  of  epidemic  dysentery  occur. 
In  the  ACUTE  form  the  onset  is  insidious  (digestive  disturbances)  after  an 
incubation  period  of  a  few  days.  There  is  anorexia,  coated  tongue,  ten- 
dency to  diarrhea,  and  to  colicky  pains  in  the  abdomen.  After  two  or 
three  days,  the  abdominal  pains  become  more  severe,  the  diarrhea  becomes 
worse  (8-30-100  stools  per  day).  The  feces,  at  first  soft,  like  those  of 
simple  diarrhea,  undergo  a  change,  and  come  to  consist  of  pure  mucus,  or 
of  blood-stained  mucus.  There  is  burning  and  pain  in  the  rectum  on  defe- 
cation {tenesmus).  The  feces  are  not  foul,  but  they  have  a  stale  odor. 
The  patients  emaciate  rapidly,  the  eyes  become  sunken,  and  the  voice 
grows  feeble ;  the  tongue  is  dry  and  coated ;  the  abdomen  is  retracted  and 
tender  on  pressure;  the  urine  is  scanty;  and  there  is  slight  elevation  of 
temperature ;  sometimes,  however,  the  temperature  is  subnormal. 

The  majority  of  patients  begin  to  recover  after  1  to  3  weeks ;  the  stools 
regain  their  fecal  consistency,  the  number  lessens,  and  the  appetite  and 


DISEASES   DUE   TO   BACILLI  253 

strength  begin  to  return.     Relapses  are  common   (dietetic  errors,  cold 
drinks).    In  severer  cases,  death  occurs  at  the  end  of  2  or  3  weeks. 

Complications. — Polyarthritis ;  peripheral  neuritis ;  conjunctivitis. 
Liver  abscess  is  rare  (contrast  with  amebic  dysentery). 

In  the  severer  cases,  type  Shiga  is  usually  found,  in  the  milder  cases,  type 
Plexner,  or  type  Y.  The  mortality  in  the  severer  forms  amounts  to  from  10  to 
15  per  cent;  in  the  milder  forms  it  may  be  only  0.5  per  cent  (Jochmann). 

In  the  cuRONic  form  of  bacillary  dysentery  there  is  emaciation, 
anemia,  and  weakness ;  the  bowels  are  irregular ;  recurring  abdominal  pains 
are  complained  of;  the  stools  contain  small  masses  of  blood-stained  mucus, 
crowded  with  dysentery  bacilli.  In  this  form,  the  disease  may  continue 
for  months  or  years.  Many  patients  are  unaware  of  the  infection,  and 
thus  form  the  starting  point  of  epidemics. 

Diagnosis  of  Bacillary  Dysentery. — The  clinical  diagnosis  of  dysentery 
is  easy :  diarrhea ;  tenesmus ;  blood  and  mucus  in  the  stools.  Microscopic 
examination  of  the  feces  rules  out  amebic  dysentery.  Cultures,  from 
washed  mucus,  on  litmus-lactose  agar,  and  on  litmus-mannite  agar,  followed 
by  agglutination  tests,  reveal  the  bacillus  and  its  type. 

Amebic  Dysentery  is  described  further  on. 
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14«    Diseases  Due  to  the  Bacillus  of  Ducrey 

Ducrey's  Bacillus. — The  bacillus  of  soft  chancre  (Unna-Ducrey)  is  a 
Gram-negative,  non-motile,  fairly  thick  bacillus,  with  rounded  ends;  it 
is  often  seen  in  chains.  It  stains  well  with  methylene  blue  (polar  stain- 
ing). It  grows  well  on  blood  agar,  and  is  pathogenic  for  man  and  monkeys, 
reproducing  soft  chancre  {ulcus  molle).  Smears  from  a  soft  chancre,  or 
from  the  juice  of  a  bubo  secondary  thereto,  contain  large  numbers  of  the 
bacilli. 

(a)    Soft  Chancre  {Ulcus  molle) 

This  lesion  may  be  single  or  multiple.  It  appears  within  a  few  days 
after  exposure  (coitus).  An  ulcer,  with  sharp  margins,  secreting  pus, 
soon  forms.  Under  treatment,  it  usually  heals  quickly ;  neglected,  it  lasts 
longer,  and  often  causes  suppurative  metastases  (unilateral,  or  bilateral) 
in  the  inguinal  lymph  glands  {suppurative  hubo).  Soft  chancre  may 
multiply  locally,  by  auto-inoculation. 

Sites. — Frenulum  pra»putii,  sulcus  coronarius,  and  glans;  also,  in 
females,  at  the  introitus  vaginsp. 

Nature. — The  disease  has  nothing  to  do  with  syphilis,  but  occasionally  a 
syphilitic  infection  (with  Treponema  pallidum)  is  contracted  at  the  same 
exposure,  and  the  sore,  beginning  as  a  soft  chancre,  later  (3  weeks)  under- 
goes hardening,  due  to  the  initial  sclerosis  of  a  hard  chancre  {chancre 
mixte  of  the  French). 
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13.    Diseases  Due  to  the  Diphtheria  Bacillus 

• 

Diphtheria  Bacillus. — The  Bacillus  diphtherias  (Klebs-Loeffler)  is  a 
slender,  non-motile,  often  somewhat  curved  bacillus,  slightly  swollen  at  the 
ends,  and  of  very  variable  morphology.  One  often  sees  these  bacilli  in 
pairs,  more  or  less  parallel  to  one  another,  and  occasionally  in  threes. 
Involution  forms  (clubs,  dumb-bells,  spindles),  staining  irregularly  in 
Loeffler's  alkaline  methylene  blue,  are  common.  Diphtheria  bacilli  stain 
with  ordinary  anilin  dyes  best  with  Loeffler's  blue.  (Plate  IV,  Fig.  4.) 
They  are  Gram-positive. 

Cultures  on  Loeffler's  serum,  6  to  20  hours  old,  stained  by  the  method 
of  M.  Neisser,  show  fine  points  at  the  ends  of  the  bacilli — ^the  so-called 
Bab^S'Emst  polar  bodi$s. 
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Neisser's   Method   or    Staining   Polar   Bodies. — ^1.  Smears  are  stained  1 
second  in  a  mixture  of  2  parts  of  Solution  A  and  1  part  of  Solution  B. 
Soluiion  A:  Methylene  blue  (Hochst)  1.0. 

Absolute  alcohol  20.0. 

Distilled  water  lOOO. 

Glacial  acetic  acid  50.0. 
Solution  B:  Crystal  violet  (Hochst)  1.0. 

Absolute  alcohol  10.0. 

Distilled  water  300.0. 

2.  Wash  with  water. 

3.  Counterstain  in  chrysoidin  solution  (1  part  of  dye,  dissolved  in  300  parts 
hot  water  and  filtered)  for  3  seconds. 

4.  Wash  with  water. 

The  bodies  of  the  bacilli  are  stained  brown,  while  at  each  pole  a  minute  blue 
granule  is  visible  (Plate  IV,  Fig.  5).  The  bacilH  resembling  B.  diphtherias  do  not 
show  these  granules. 

Cultures  of  B.  diphtheria — The  diphtheria  bacillus  grows  best  on 
I^oeffler's  blood  serum  in  tubes  or  Petri  dishes,  at  the  body  temperature, 
or  a  little  lower. 

Special  nutrient  media  hke  Deycke's  alkali-albuminate  agar,  or  Tochtermann's 
serum  agar,  yield  good  growths,  but  are  unnecessary. 

On  Loeffler's  blood  serum  (3  parts  blood  serum,  1  part  peptone  bouillon,  with 
2  per  cent  glucose)  the  diphtheria  bacilli  grow  somewhat  more  luxuriantly  than 
do  pseudodiphtheria  bacilli  or  xerosis  bacilli.  Glycerin-ascites  agar  is  an  excellent 
medium,  if  LoefSer's  blood  serum  be  not  available. 

Pathogenicity. — Inoculated  into  the  trachea  of  rabbits  and  pigeons, 
pseudomembranes  are  produced  and  fatal  intoxications  may  follow.  Pure 
cultures  of  the  bacilli  yield  diphtheria  toxin,  which,  injected  into  animals, 
causes  intoxication  and  death.  If  sublethal  doses  be  injected  at  intervals,  a 
specific  diphtheria  antitoxin  is  formed.  Applying  this  principle,  enormous 
amounts  of  diphtheria  antitoxin  (Behring)  are  now  prepared,  in  horses, 
and  used  in  the  treatment  of  diphtheria  {passive  immunization), 

Oenuine  diphtheria  bacilli  can  be  distinguished  from  the  xerosis  bacilli  of 
the  conjunctiva,  and  from  the  pseudodiphtheria  bacilli  sometimes  met  with  in  the 
oral  or  nasal  cavity,  in  that  the  true  diphtheria  bacilli  (1)  in  bouillon  culture, 
give  rise  first  to  acid  production,  and  later  to  a  strong  alkaline  reaction;  (2)  are 
virulent  for  guinea-pigs,  but,  when  mixed  with  diphtheria  antitoxin  before  injec- 
tion, lose  this  virulence;  (3)  kill  animals  on  injection,  while  the  others  do  not. 

Mixed  Infections. — In  diphtheria  infections,  besides  the  diphtheria 
bacilli,  there  are  often  present  also  streptococci,  staphylococci  or  pneumo- 
cocci  {mixed  infections),  of  great  importance  clinically,  since  the  antitoxin 
antagonizes  only  the  toxin  produced  by  the  B.  diphtherice. 

Carriers. — ^Many  healthy  individuals  harbor  diphtheria  bacilli  {bacillus 
carriers).     These  bacilli  are  sometimes  virulent,   sometimes   avirulent; 
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in  the  former  instance,  they  are  prohahly  of  importance  in  the  starting 
of  epidemics  (Moss  and  Guthrie). 

Forms  of  Diphtheria. — In  human  beings,  the  diphtheria  bacillus  may 
cause  (1)  a  pharyngeal  diphtheria,  (2)  a  nasal  diphtheria,  or  (3)  a  laryn- 
geal diphtheria;  more  rarely,  it  sets  up  (4)  a  cutaneous  diphtheria,  (6)  a 
conjunctival  diphtheria,  (6)  a  vulval  diphtheria,  or  (7)  a  woimd-infection 
diphtheria.  In  all  instances,  the  incubation  period  seems  to  vary  (2  to  8 
days). 

Susceptibility  to  Diphtheria. — It  has  recently  been  shown  that  the 
blood  of  many  normal  individuals  contains  diphtheria  antitoxin,  in  demon- 
strable quantities.  Thus  some  80  per  cent  of  the  newborn,  90  per  cent  of 
adults,  and  50  to  60  per  cent  of  children  are  so  protected.  Such  individuals 
are  not  susceptible  to  diphtheritic  infection,  and  in  cases  of  epidemics,  or 
in  instances  of  single  exposure,  the  prophylactic  injection  of  diphtheria 
antitoxin  ordinarily  given  may  be  omitted.  This  new  knowledge  has 
resulted  from  the  introduction  of  the  intracutaneous  test  of  Schick. 

Schick's  Test. — 1/50  of  the  minimmn  lethal  dose  of  diphtheria  toxin  for  the 
guinea-pig  is  diluted  to  make  0.1  c.c.  of  fluid.  This  is  injected  intracntaneously, 
and  the  site  of  injection  examined  at  the  end  of  24  hours.  Those  who  aie 
susceptible  to  diphtheritic  infection  show  a  definite  inflammatory  reaction.  Those 
who  are  insusceptible,  owing  to  the  presence  of  diphtheria  antitoxin  in  the  blood, 
show  no  inflammatory  reaction.  (See  the  work  of  W.  H.  Park  and  his  colleagaes 
in  New  York,  with  this  test.)  The  simple  outfit  devised  by  A.  Zingher  for  the  test 
will  be  found  convenient  by  practitioners. 

(a)    Pharyngeal  Diphtheria 

This  is  the  commonest  form  of  diphtheritic  infection.  The  bacilli 
multiply  on  the  mucous  membrane,  and  in  its  superficial  layers,  causing 
extensive  necrosis,  with  formation  of  fibrinous  membranes.  Though  a  few 
bacilli  may  get  over  into  the  blood,  the  general  phenomena  are  due  to  the 
toxins  produced  by  the  bacilli  in  loco,  rather  than  to  a  bacillemia. 

In  the  membranous  form,  a  grayish  white  deposit  is  seen  on  the  uvula, 
the  soft  palate,  and  tonsils  (unilateral  or  bilateral). 

In  the  lacunar  forrrUj  there  is  redness  and  swelling  of  the  uvula,  soft 
palate,  and  tonsils,  but  no  visible  membrane  except  whitish  plugs  in  the 
fossute  (crypts)  of  the  tonsils.  These  cases  are  often  mistaken  for 
streptococcus  angina. 

In  the  severer  forms  of  diphtheria,  black  areas  may  appear  in  the 
membrane  {gangrenous  form),  or  the  membrane  formation  may  extend 
from  the  throat  upward  to  the  nose,  or  downward  to  the  larynx,  trachea, 
and  bronchi  {progressive  or  spreading  form). 

Symptoms. — The  onset  may  be  insidious,  with  fever,  malaise,  headache, 
sore  throat,  and  foul  breath.  The  pulse  and  the  respiration  are  acceler- 
ated.    Children,  when  infected,  are  apt  to  be  dull  and  sleepy.     If  the 
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oondition  be  recognized  early  (inspection,  throat  culture),  and  antitoxin 
be  given  promptly,  the  membrane  disappears  in  a  day  or  two,  the  tempera- 
ture  becomes  normal,  and,  in  a  week,  the  patient  is  usually  well.  If  anti- 
toxin be  not  given,  the  membrane  spreads,  the  lymph  glands  at  the  angle 
of  the  jaw  become  large  and  tender,  the  tachycardia  and  fever  persist,  and 
albuminuria  appears.  Many  of  the  patients,  without  antitoxin,  die;  others, 
after  a  week  or  two,  gra4ually  recover,  though  in  convalescence  postr 
diphtheritic  paralyses  or  death  from  heart  failure  may  occur.  In  all 
cases  there  is  a  leukocytosis. 

(6)    Nasal  Diphtheria 

This  may  occur  as  a  primary  infection,  or  it  may  be  secondary,  through 
extension  of  diphtheria  of  the  throat.  The  nose  is  obstructed  and  a  thin 
bloody  discharge  runs  down  over  the  upper  lip.  On  rhinoscopic  examina- 
tion, the  membrane  is  visible,  and  diphtheria  bacilli  are  demonstrable 
in  smears  and  in  cultures. 

(c)  Laryngeal  Diphtheria 

This,  too,  may  be  primary,  though  it  is  more  often  secondary  to  pharyn- 
geal, or  to  nasal,  diphtheria.  The  primary  cases  are  frequently  over- 
looked by  physicians  until  it  is  too  late  to  save  the  patient. 

The  child  is,  at  first,  a  little  hoarse,  and  has  a  croupy  cough,  with 
slight  fever ;  nothing  more  malign  than  simple  "croup"  may  be  suspected ! 
Later,  signs  of  laryngeal  stenosis  appear,  with  long-drawn-out,  noisy  in- 
spiration, and  retraction  in  the  jugular  fossa  and  in  the  epigastrium.  In 
such  cases,  unless  intubation,  or  tracheotomy,  is  promptly  resorted  to, 
the  issue  is  nearly  always  fatal.  I  have,  however,  known  patients,  given 
up  as  hopeless,  to  expectorate  a  cast  of  the  larynx  and  trachea,  and  go 
on  to  recovery. 

(d)  Cutaneous  Diphtheria 

This  is  due,  usually,  to  infection  of  a  scratch,  or  of  a  minute  skin 
lesion  (rhagades,  intertrigonous  eczema)  ;  it  is  most  often  seen  in  the 
groin,  or  about  the  anus.  It  may  or  may  not  be  associated  with  pharyngeal 
diphtheria.  Irregular  ulcers  appear,  covered  by  a  diphtheritic  membrane, 
containing  the  bacilli.  The  condition  may  be  confused  with  infantile 
ecthyma,  or  with  a  drug  dermatosis  (iodids,  bromids). 

(e)    Vulval  Diphtheria 

This  is  usually  a  puerperal  infection;  rarely  it  may  follow  other 
tramnata.  The  membrane  may  extend  to  the  vagina,  and  may  even  in- 
volve the  whole  extent  of  the  vaginal  cavity. 
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(/)    Conjunctival  Diphtheria 

Diphtheria  of  the  conjunctiva  is  rare;  it  is  usually  an  extension  from 
the  nose,  though  it  may  occasionally  occur  as  a  primary  infection.  En- 
largement of  the  lymph  glands  in  front  of  the  ear  quickly  follows,  and  slight 
fever  develops.    If  neglected,  the  eye  may  be  lost. 

Gomplkatioiis  and  Sequels  of  Diphtheria 

The  most  important  are  (1)  acute  nephritis,  (2)  heart  failure,  (3) 
postdiphtheritic  paralyses.  In  addition,  (4)  otitis  media,  (5)  broncho- 
pneumonia, or  (6)  polyarthritis  may  occur. 

Nephropathies. — Though  most  diphtheritic  patients  show  albuminuria 
and  a  few  casts,  a  few  have  an  outspoken  acute  nephropathy,  which  not 
infrequently  goes  over  into  chronic  renal  disease. 

Cardiopathies. — Sudden  heart  failure  after  diphtheria  is  not  uncom- 
mon and  is  greatly  feared  as  a  complication  (myocardial  degeneration?). 
It  may  appear  early  in  the  disease,  but  is  more  often  met  with  in  the  second 
or  the  third  week. 

A  child,  apparently  almost  well,  may,  on  sitting  up,  drop  back  dead. 
In  some  cades,  symptoms  of  severe  myocardial  insuflSciency  appear  (dilata- 
tion, feeble  sounds,  tachycardia  or  bradycardia,  gallop  rhythm) ;  many 
of  these  patients  die,  but  a  few  recover.  Occasionally  a  partial  heart  block 
is  observed. 

Neuropathies. — Postdiphtheritic  paralyses  may  appear,  in  1-3-6  weeks 
after  the  infection.  Most  often  the  soft  palate  is  paralyzed  (nasal  voice; 
r^urgitation  of  fluids  through  the  nose).  If  this  occur  early,  it  is  usually 
due  to  the  local  inflammation ;  later  cases  are  due  to  nerve  degeneration. 

Another  common  form  is  postdiphtheritic  paralysis  of  the  M.  ciliaris 
(accommodation  paralysis).  Children  find  that  they  cannot  read,  and  may 
be  punished  in  school  therefor.  In  a  few  instances,  a  multiple  neurilis 
occurs  with  eye  muscle  paralysis,  along  with  weakness  of  the  arms  and 
1^,  with  ataxia.  Sensation  is  usually  but  little  affected.  The  paralyses 
may  occur,  even  when  antitoxin  has  been  used.  The  patients  recover  as  a 
rule,  though  the  disability  may  be  prolonged. 

Dia^osis  of  Diphtheria 

The  memhranoris  cases  of  pharyngeal  diphtheria  can  usually  be 
recognized  at  once  by  inspection,  though  streptococcus  anginas  are  occa- 
sionally accompanied  by  membrane  formation.  The  lacunar  cases  can  only 
be  distinguished  with  certainty,  by  bacteriological  examination.  On  ac- 
count of  the  danger  of  overlooking  a  diphtheritic  angina,  it  is  a  good  rule  to 
make  a  smear  preparation,  and  a  culture  on  Loeffler's  serum,  in  every  case 
of  sore  throat.  The  utensils  for  the  purpose  can  be  obtained  at  any  corner 
drug  store,  and  if  the  physician  does  not  care  to  make  the  examination 
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himself,  he  may  send  the  materials  to  the  laboratory  of  the  Board  of 
Health  and  receive  a  telephonic  report  within  20  hours.  In  outspoken 
cases,  the  report  need  not  be  awaited  before  giving  antitoxin. 

Differential  Diagnosis. — The  pharyngeal  form  of  diphtheria  must  be 
distinguished  (by  smears  and  cultures)  from  other  forms  of  angina  (strep- 
tococcus angina,  Plaut-Vincent's  angina,  syphilitic  angina,  angina  scarlati- 
nosa). 
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16.    Diseases  Due  to  the  Bacillus  pyocyaneus 

Bacillus  pyocyanetui. — The  Bacillus  pyocyaneus  is  a  slender  motile  rod 
with  a  flagellum  at  one  end.  It  is  Gram-negative.  In  cultures,  it  lique- 
fies gelatin ;  grows,  in  the  presence  of  oxygen,  with  a  greenish  fluorescence 
on  agar ;  and  coagulates  milk.  It  produces  a  proteolytic  ferment  (pyocy- 
anase)  and  a  soluble  toxin.     It  is  pathogenic  for  guinea-pigs. 

Human  Infections. — In  1897,  I  described  a  series  of  human  infections 
due  to  this  bacillus.  In  America,  Blumer  has  also  studied  these  infections, 
while  in  Europe  they  have  been  met  with  by  many  observers. 

Most  often,  this  "bacillus  of  green  pus"  is  seen  in  mixed  infections 
along  with  the  pyogenic  cocci,  but  it  is  entirely  capable  of  setting  up 
pathological  processes  by  itself.  It  usually  causes  local  inflammations, 
especially  of  the  alimentary  tract  (esophagus,  intestine),  of  the  umbilicus 
in  the  new-born,  of  the  pelvis  of  the  kidney,  etc.  A  general  pyocyaneus 
sepsis  is  also  known,  associated  with  high  fever,  diarrhea,  and  a  hemor- 
rhagic or  pustulo-hemorrhagic  exanthem ;  sometimes  there  is  also  an  endo- 
carditis. 

References 

Barker  (L.  F.).    The  dinical  eymptoma.  hacteriologic  findings  and  poetmortem  appearances 

in  cases  of  infection  of  human  beings  with  the  bacillus  pyocyaneus.    J.  Am. 
M.  Ass.y  Chicago,  1897,  xxix,  213-216. 

Brown  (T.  J?.).    Cystitis  caused  by  the  bacillus  pyocyaneus.     Maryland  M.  /.,  Baltimore, 

1899-1900,  xliii,  221-224. 

Heiman  (JI.)«     -A   «Me  of  bilateral  hydroureter.    Chronic  pyocyaneus  infection.    Arch. 

Pediat.,  New  York,  1913,  xxx,  814-819. 

BeUer  (O.)  &  Lepere  (E.).    Bacillus  pyocyaneus.    In:  Handb.  d.  pathogen.  Mikrodrg. 

(KoUe  A  Wassermann).    2.  Aufl.    Jena,  1913,  v,  1186-1217. 

KrannhaU  (H*),     Ueber  Pyocyaneusinfectionen.    Deutsche  Ztschr.  f.  Chir.,  Leipzig,  1893, 

xxxvii,  181-200. 

Lagriffoul,  Bousquet  &  Roger,    La  typhopyocyanie   (pyocyanie  gin^alisde  d  forme 

typh&ide).    Compt.  rend.  Soc.  de  bioL,  Paris,  1910,  Ixviii,  1019. 

WoUstein  (Martha)  &  Meltzer  (5.  /.).    The  pulmonary  reaction  to  B.  pyocyaneus. 

Proc.  Soc.  Exper.  Biol.  &  Med.,  New  York,  1913-14,  xi,  97. 


17.    Diseases  Due  to  the  Bacillus  mallei 

Glanders  Bacillus. — The  Bacillus  mallei  (Loeffler  and  Schutz)  is  a  slen- 
der rod,  about  as  long  as  the  tul)ercle  bacillus,  but  thicker.  It  is  non- 
motile.  It  stains  irregularly  with  Loeffler's  methylene  blue,  and  is  Gram- 
negative.    It  is  easily  grown  on  ordinary  media  like  agar,  blood  serum, 
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and  potato,  but  it  is  best  isolated  by  means  of  animal  inoculation  (intra- 
peritoneal injection  of  male  guinea-pig,  with  recovery  after  two  days  from 
the  testicle).  Infection  due  to  this  bacillus  is  rare  in  man,  and  when 
met  with,  it  has  usually  been  contracted  from  the  horse,  an  animal  in 
which  glanders  is  a  contagious  and  fatal  disease.  Among  human  beings,  it 
is  stable-men,  soldiers  (cavalry),  cab-drivers,  and  veterinarians  that  are 
most  often  infected. 

(a)    Glanders  and  Farcy 

Definition. — An  infectious  disease,  common  in  horses,  rare  in  man,  due 
to  the  Bacillus  mallei,  which  gives  rise  to  nodules  (infectious  granulomata) 
in  the  nose  (glanders)  and  beneath  the  skin  (farcy). 

Man  is  most  often  infected  by  inoculation  of  the  skin,  occasionally, 
through  the  mucous  membranes.  Laboratory  workers  may  be  accidentally 
infected;  among  the  pathogenic  bacteria,  the  B.  mallei,  the  B.  pesiis, 
the  B.  anthracis,  and  the  Micrococcus  melitensis  are  among  the  most  dan- 
gerous to  work  with. 

Symptoms. — The  disease  may  be  acute  or  chronic.  It  is  believed  that 
the  incubation  period  is  from  3  to  5  days. 

In  the  acute  cases,  always  fatal,  the  symptoms  are  those  of  septic  infec- 
tion starting  from  a  cutaneous  wound.  After  slight  prodromata  (head- 
ache, fever,  malaise,)  there  is  local  infiltration  and  ulceration,  with 
lymphangitis,  and  swelling  of  adjacent  lymph  glands.  In  less  than  a 
week,  the  signs  of  general  sepsis,  and  of  metastases  appear.  Painless 
swellings,  quickly  leading  to  suppuration  and  ulceration,  appear  in  the 
skin  (farcy).  In  addition,  a  red  papular  eruption,  becoming  pustular, 
appears  between  the  6th  and  the  12th  day.  •  A  bloody  discharge  from 
the  nose  appears;  abscesses  develop  in  the  muscles  and  in  other  organs; 
there  is  marked  sweating;  the  patient  loses  strength;  finally  there  is  cir- 
culatory failure  and  death. 

Occasionally,  an  acute  nasal  infection  (glanders)  is  seen,  causing  nasal 
obstruction,  with  sanguineo-purulent  discharge,  dysphagia,  hoarseness,  and 
foul  breath.  Bronchitis  and  bronchopneumonia  develop,  and  later  general 
sepsis  with  metastases.    The  disease  is  accompanied  by  leukopenia. 

In  the  chronic  form,  the  onset  is  insidious,  with  pains  in  the  limbs 
and  joints,  and  slow  development  of  local  abscesses,  followed  by  ulcers 
and  cicatrization.     This  chronic  form  may  last  for  years. 

Diagnosis. — The  anamnesis  is  helpful.  In  the  acute  cases,  typhus 
abdominalis,  acute  rheumatic  fever  or  general  sepsis  due  to  other  bacteria 
may  be  simulated.  The  cutaneous  lesions  help  to  distinguish  the  disease 
from  these,  and  the  bacteriological  examination,  with  guinea-pig  inocula- 
tion, is  decisive. 

In  the  chronic  cases,  a  mallein  test  (similar  to  the  tuberculin  test)  may 
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be  employed ;  a  complement-fixation  test  has  also  been  worked  out  (Schultz 
and  Schubert),  the  antigen  being  made  from  the  BacilliLS  mallei.  An 
agglutination  test  has  been  much  used  in  recognizing  the  disease  in  animals. 
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18.    Diseases  Due  to  the  Tubercle  Bacillus 

Tubercle  Bacillus. — The  Bacillus  tuberculosis  (Koch,  1882)  occurs  in 
four  varieties,  or  races : 

1.  The  human  bacillus  {typus  humanus). 

2.  The  bovine  bacillus  {typus  bovinus). 

3.  The  bacillus  of  avian  tuberculosis  (chicken,  pheasant,  pigeon, 
parrot). 

4.  The  bacillus  of  cold-blooded  animals  (turtle  bacillus,  etc.).  Morpho- 
logically, these  races  resemble  one  another  closely.  The  4th  variety  appears 
to  be  harmless  for  man. 

Human  beings  are  infected  most  commonly  with  the  first,  occasionally 
with  the  second,  and  very  rarely  with  the  third  variety. 

The  tubercle  bacillus  is  a  long  slender  bacillus  (Plate  I,  Fig.  1),  often 
dightly  curved  and  occasionally  showing  branching  forms.  In  smear  prep- 
arations, made  from  sputum  containing  tubercle  bacilli,  one  sees  usually 
groups  of  a  few  bacilli,  lying  parallel  to  one  another,  at  an  angle,  or 
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across  one  another.  The  bacillus  is  non-motile,  and  does  not  form  spores. 
It  does  not  stain  easily  with  the  ordinary  anilin  dyes ;  it  is  Gram-positive 
and  is  acid-fast  (like  lepra  bacilli,  smegma  bacilli  and  butter  bacilli) 
owing  to  its  content  in  wax. 

The  human  type  is  not  easily  cultivated;  it  grows  only  at  the  body 
temperature,  preferably  on  blood  serum,  glycerin  agar,  or  bouillon  or  on 
Dorset's  egg-medium;  a  dry  scaly  growth  appears,  taking  several  weeks 
to  develop.  For  staining  methods,  see  page  143.  The  tubercle  bacillus 
occurs  in  the  sputum  in  pulmonary  tuberculosis,  in  the  feces  in  intestinal 
tuberculosis,  in  the  urine  in  urogenital  tuberculosis,  in  the  pus  from  carious 
bones  and  scrofulous  glands,  in  the  skin  in  lupus,  and,  sometimes,  in  the 
blood  in  general  miliary  tuberculosis. 

Pathogenicity  of  the  Tubercle  Bacillus. — The  guinea-pig  is  the  most 
susceptible  animal.  Human  beings  are  relatively  insusceptible,  even  to  the 
typus  humanus.  Though  the  majority  of  human  beings  are  infected  at 
some  time  or  another,  most  people  have  sufficient  resistance  to  prevent 
serious  disease.     For  tuberculin  tests,  see  page  172. 

Cultures  of  the  human  type  of  the  bacillus  have  but  little  virulence 
for  cattle  or  for  rabbits,  producing  no  lesion,  only  a  local  lesion,  or  a 
mild  and  chronic  disease;  whereas  cultures  of  the  bovine  type,  inoculated 
into  cattle  or  rabbits,  cause  a  generalized,  and  rapidly  fatal,  tuberculosis. 

Inoculation  of  a  guinea-pig  is  a  most  important  method  for  determin- 
ing the  presence  or  absence  of  tubercle  bacilli,  when  they  cannot  be 
demonstrated  by  ordinary  tests,  or  even  by  the  antiformin  method. 
If  a  guinea-pig  be  inoculated  subcutaneously  in  the  lower  abdominal 
region,  or,  preferably,  in  the  groin,  tie  adjacent  lymph  glands  can  be 
extirpated  at  the  end  of  2  weeks  and  examined  for  tubercle  bacilli  in 
paraffin  sections  or  in  smears ;  moreover,  if  the  injected  material  contains 
tubercle  bacilli,  the  animal  will  die,  and  will  show  typical  tuberculous 
lesions  at  autopsy. 

Portals  of  Entry  and  Paths  of  Infection  in  Tuberculosis. — Human 
beings  may  be  infected  through  the  most  different  portals  of  entry,  but  the 
spread,  in  each  case,  from  the  infection  atrium  to  other  parts  of  the  body, 
occurs  through  the  lymph  paths  {lymphogenous  tuberculosis),  A  few  ba- 
cilli may  enter  the  blood  and  reach  distant  organs  {hematogenous  infec- 
tion). In  some  cases,  large  numbers  break  through  a  vein  into  the  blood 
and  cause  general  miliary  tuberculosis. 

In  considering  the  paths  of  infection  in  hupian  tuberculosis,  we  try  to 
determine:  (1)  how  the  tubercle  bacillus  entered  the  body  to  cause  the 
oldest  focal  lesion,  and  (2)  how,  thence,  the  bacilli  reached  other  organs, 
and  caused  the  clinical  symptoms. 

An  individual  may  be  infected  before  birth  {congenital  tuberculosis,  or 
intra-uterine  infection)  ;  a  majority,  however,  are  infected  after  birth 
{extra-^xterine  infection)^  either  from  som^  other  tuberculous  hum^n  being 
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(directly  or  indirectly),  or  from  tuberculous  cattle.  There  is  much  dis- 
pute as  to  whether  infection  occurs  most  often  through  the  digestive  tract, 
or  through  the  respiratory  apparatus.  In  the  former,  the  primary  infec- 
tion may  involve  the  throat  (tonsils)  and  the  cervical  lymph  glands,  or  the 
intestinal  mucous  membrane  and  the  mesenteric  lymph  glands,  and  thence 
spread  through  the  lymphatics  or  through  the  blood  to  other  parts  of  the 
body.  In  case  of  infection  by  the  respiratory  path,  the  bacilli  are  taken 
up  by  inhalation,  infecting  the  mucous  membrane  of  the  bronchi  and  lungs, 
and  extending  to  the  bronchial  lymph  glands. 

In  human  beings,  tuberculous  infections  cause,  as  a  rule,  exquisitely 
chronic  diseases,  especially  at  first.  In  certain  special  conditions,  acuiey 
rapidly  progressive  forms  appear  (galloping  phthisis,  miliary  tuberculosis). 
The  tubercle  bacillus  may  become  disseminated  in  the  body  (1)  by  con- 
tinuity, (2)  by  the  lymph  paths  (e.  g.,  in  polyserositis),  (3)  by  auio^n- 
oculation  (e.  g.,  infection  of  the  larynx,  or  of  the  intestine,  by  tuberculous 
sputum  from  lungs),  (4)  by  way  of  the  unne  (e.  g.,  infection  of  the  blad- 
der from  a  tuberculous  kidney),  and  (5)  by  way  of  the  blood  (hematogen- 
ous infection),  as  in  chronic  metastatic  tuberculosis,  and  especially  in  acute 
general  miliary  tuberculosis. 

Wherever  the  tubercle  bacilli  lodge  in  the  body,  there  is  a  peculiar 
inflammatory  reaction,  with  production  of  a  nodule  (tubercle),  gray  at  first, 
later  becoming  white,  and,  after  central  caseation,  yellow.  A  miliary 
tubercle  is  about  the  size  of  a  hemp  seed,  and  histologically  consists  of  one 
or  more  giant  cells  near  the  center,  surrounded  by  a  layer  of  epithelioid 
cells,  or  fibroblasts,  outside  of  which  is  a  layer  of  small  mononuclear  cells ; 
the  baciUi  are  often  demonstrable  in  such  nodules.  Adjacent  miliary 
tubercles  often  become  confluent,  to  form  later  a  single  caseous  mass 
{conglomerate  tubercles).  As  a  result  of  caseation,  and  of  softening, 
tuberculous  cavities,  tuberculous  ulcers^  and  tuberculous  fistulce^  arise. 

Any  organ  of  the  body  may  become  tuberculous,  though  the  thyroid 
gland  and  the  muscles  are  rarely  attacked.  Tuberculosis  shows  a  pre- 
dilection, however,  for  certain  organs  (lungs,  meninges,  serous  membranes, 
kidneys,  urogenital  system,  bones).  This  selective  affinity  is  sometimes 
a  help  in  differentiating  tuberculous  from  syphilitic  lesions;  thus,  in  bone, 
tuberculosis  attacks  most  often  the  marrow  (caries),  especially  that  of  the 
epiphyses,  while  syphilis  frequently  causes  subperiosteal  lesions  and  new 
formation  of  bone ;  in  the  male  genitals,  tuberculosis  more  often  involves 
the  epididymis,  while  syphilis  is  prone  to  attack  the  testicle  itself. 

(a)    Pulmonary  Tuberculosis 

{Pulmonary  Phthisis,  Tuberculosis  pulmx)num.  Pulmonary  Consumption) 

Only  a  brief  epitome  will  be  given^  here;  for  a  fuller  account  see 
Part  V,  Diseases  of  the  Respiratory  Apparatus. 
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Three  clinical  groups  of  pulmonary  tuberculosis  may,  for  practical 
purposes,  be  considered  (Osier)  : 

1.  Acute  phthisis, 

2.  Chronic  ulcerative  phthisis. 

3.  Chronic  fibroid  phthisis. 

L    Acute  Phthisis 

( Galloping  Consumption,  Phthisis  florida) 

A  pneumonic  form  and  a  bronchopneumonic  form  are  distinguishable. 
In  the  pneumonic  form,  we  deal  with  caseous  pneumonia,  involving  usually 
a  whole  lobe,  or  more.  In  the  bronchopneumonic  form,  there  is  an  acute 
caseous  bronchopneumonia;  it  is  especially  common  in  children. 

Symptoms. — The  symptoms  in  the  pneumonic  form  are,  at  first,  those 
of  a  frank  lobar  pneumonia,  but  no  crisis  occurs ;  the  temperature  contin- 
ues elevated  and  the  pulse  accelerated.  The  sputum  becomes  mucopuru- 
lent and  greenish  in  color  (Traube).  Signs  of  softening  appear,  and  elastic 
tissue  and  tubercle  bacilli  become  demonstrable  in  the  sputum.  Death  may 
occur  in  a  week,  but  some  patients  drag  on  for  three  months  or  more. 
Absence  of  breath  sounds  in  the  consolidated  area  is  common,  but  there 
may  be  outspoken  tubular  breathing.  The  fever  is  more  remittent  than 
in  lobar  pneumonia. 

In  the  BRONCHOPNEUMONIC  FORM,  there  is  high  fever,  tachycardia, 
tachypnea,  with  chills  and  sweating.  Signs  of  bronchopneumonia  gradu- 
ally become  demonstrable  in  the  lungs.  The  disease  is,  in  children,  often 
preceded  by  measles,  or  by  whooping-cough. 

ik    Qironic  Ulcerative  Phthisis 

This  is  the  commonest  form  of  pulmonary  tuberculosis.  It  occurs  most 
frequently  in  individuals  with  the  so-called  habitus  phthisicus  (pallor, 
emaciation,  poor  muscular  development,  small  bones,  paralytic  type  of 
thorax).  On  examining  these  patients,  one  often  sees  the  brown  dis- 
coloration of  pityriasis  versicolor  on  the  chest. 

Anamnesis. — The  patient  usually  gives  a  family  history  of  tuberculosis 
(parents,  sibs,  conjugal  partner,  children),  stating  that  one  or  more  mem- 
bers have  suffered  from  consumption,  pleurisy,  scrofula,  or  meningitis. 
The  patient  himself  may  have  earlier  suffered  from  enlarged  cervical 
glands,  corneal  lesions,  or  bone  troubles  (scrofula),  or  he  may  give 
a  history  of  cough,  of  hemoptysis,  of  hoarseness,  or  of  one  or  two  attadcs 
of  pleurisy  earlier  in  life.  On  questioning  the  patient,  his  general  cir- 
cumstances and  mode  of  living  should  be  gone  into ;  his  occupation  (dust, 
exposure)  and  habits  (alcoholism,  work,  sleep)  should  be  asked  about. 
Hecent  loss  of  weight  is  an  important  symptom,  and,  in  following  a  case, 
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the  keeping  of  a  body-weiglit  chart  may  be  more  important  than  a  tempera- 
ture chart. 

Physical  Findings  in  the  Lungs. — In  the  firat  stage  (pHXHiais  iircip- 
lEKs)  one  finds  signs  of  apical  bronchitis  (moist  or  dry  ralea,  especially 
after  coughing),  with  enfeebled,  roughened,  or  cogwheel-like,  respiratory 


—Pulmonary  TuberculOBls.     (Personal  Obwrvatlon.) 


mnmnr.  Expiration  is  often  prolonged.  There  may  or  may  not  be  slight 
dullness  on  percussion.  A  slight  delay  in  expansion  of  the  affected  side 
fsn  often  be  made  out.  In  such  patients  there  Is  nsnally  a  little  morn- 
ing cough,  with  scanty  sputum,   and  this  may  contain  tubercle  bacilli 
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("open  case"),  or  they  may  yet  be  absent  ("closed  case").    A  hemoptysis 
may  have  been  the  first  symptom  noticed. 

In  the  second  stage  (phthisis  confiemata)  the  physical  signs  of 
infiltration  can  be  made  out  in  the  upper  part  of  one  upper  lobe ;  there 
is  dullness  in  front  and  behind  with  bronchial  breathing,  consonating 
crackles,  and  lessened  expansion.  The  sputum  is  more  abundant,  is 
mucopurulent,  and  contains  tubercle  bacilli.  The  rontgenogram  taken 
after  a  deep  inspiration,  the  patient  holding  his  breath,  shows  infiltration 
in  areas  corresponding  to  the  dullness  on  percussion,  and  often  beginning 
infiltration  in  the  other  lung. 

Instantaneous  rontgenography  with  use  of  an  intensifying  screen  gives  the 
best  negatives,  as  regards  details;  in  women  the  breasts  should  be  pressed  lateral- 
ward  as  far  as  possible  by  the  plate  holder.  It  is  well  to  make  special  small  plates 
of  the  apices  with  the  aid  of  a  diaphragm;  the  anticathode  should  be  placed  close 
to  the  first  intercostal  space,  for  otherwise  this  space  is  likely  to  be  hidden  by  the 
second  rib;  the  normal  radiation  should  be  adjusted  for  the  jugulum,  the  head 
being  bent  well  back.  Good  rontgenograms  of  the  upper  aperture  of  the  thorax 
can  be  taken  by  the  method  of  Hart  and  Harras  (1908).  Stereoscopic  plates  are 
very  valuable  for  exact  diagnosis.     (See  Part  V.) 

In  the  third  stage  (phthisis  consummata)  there  are  signs  of  wide- 
spread infiltration  in  both  lungs,  and  of  cavity  formation.  The  cavities 
are  recognizable  on  physical  examination  by  the  loud  bronchial,  or  amphoric 
sounds  audible  over  them,  with  tympany  and  changes  of  pitch  in  different 
positions  (Wintrich,  Friedreich,  Gerhardt).  (See  examination  of  the 
lungs.)  The  sputum  is  often  nummular  and  crowded  with  tubercle  bacilli, 
often  in  large  masses  from  the  walls  of  cavities ;  it  may  contain  elastic 
fibers  also. 

In  most  cases  there  is  fever,  often  of  hectic  type,  especially  in  the 
third  stage.  The  patients  suffer  from  night  sweats,  and,  sooner  or  later, 
become  emaciated.  Digestive  disturbances  are  troublesome ;  it  is  often  of 
these  that  the  patient  complains  when  he  first  consults  his  physician.  Not  a 
few  of  the  cases  present  signs  of  Graves's  disease  (tachycardia,  tremor, 
palpitation,  nervous  symptoms). 

iiL    Qiroiiic  Fibroid  Phthisis 

This  is  a  very  common  form  of  pulmonary  tuberculosis,  the  duration 
of  which  may  be  10  to  20  years,  or  more.  The  patients  are  usually 
afebrile,  much  of  the  time,  but  they  suffer  from  paroxysmal  cough,  and 
from  dyspnea  on  exertion.  The  sputum  is  purulent,  and  contains  tuberde 
bacilli.     Complicating  bronchiectasis-  is  common,  with  fetid  bronchitis. 

The  physical  signs  of  shrinking  of  the  lung  (retraction  of  the  affected 
side);  dislocation  of  adjacent  organs;  vicarious  emphysema  of  unaffected 
lung,  enlargement  of  the  right  heart  and  hippocratic  fingers  are  demon- 
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strable.    The  cases  are  sometimes  confused  with  pulmonary  cirrhosis, 
due  to  anthracosis,  etc. 

Complications  of  Pulmonary  Tuberculosis 

The  more  important  are  (1)  hemoptysis,  (2)  tuberculous  pleuritis, 
(3)  mixed  infections  (pyogenic  cocci,  influenza  bacilli),  (4)  laryngeal 
tuberculosis,  (5)  intestinal  tuberculosis  (swallowing  of  sputum),  (6) 
pneumothorax,  and  (7)  amyloid  disease. 

(b)    Lymphadenoid  Tuberculosis 

(Tuberculosis  of  the  Lymph  OlandSy  Scrofula) 

This  may  occur  at  any  age,  but  is  most  common  in  children,  affecting 
most  often  the  bronchial,  though,  also  often,  the  cervical,  the  mediastinal, 
or  the  mesenteric  glands  (tabes  mesenterica)y  or,  occasionally,  all  the 
lymph  glands  of  the  body  simultaneously  (generalized  tuberculous  lympha- 
denitis). 

Serofnloiui  children  are  usually  pale  and  delicate,  and  are  very  subject 
to  chronic  catarrhal  inflammations.  Thus  they  often  have  nasal  catarrh, 
with  thickening  of  the  nose  and  of  the  upper  lip.  They  are  often  victims 
of  ozena,  of  hypertrophied  tonsils,  of  suppurative  otitis  media,  of  phlycten- 
ular conjimctivitis,  and  of  recurring  blepharitis.  Many  of  them  suffer 
from  chronic  skin  eruptions  (eczema,  prurigo,  lupus,  lichen  scrofulosorum, 
etc).  In  addition  to  the  enlargement  of  the  lymph  glands,  they  frequently 
suffer  from  tuberculous  diseases  of  the  bones  and  joints  (hip- joint  disease, 
white  suyelling  of  the  knee,  caries  of  the  spine)  j  and  from  that  form  of 
chronic  osteomyelitis  of  the  phalanges  of  the  fingers  and  toes,  with  spindle- 
shaped  expansion  of  the  compact  substance  known  as  spina  ventosa.  (See 
also  Lymph  Olands,  under  Diseases  of  the  Blood  and  of  the  Blood-Building 
Organs.) 

Diagnosis  and  Differential  Diagnosis. — This  is  usually  easy,  but 
enlarged  lymph  glands,  especially  in  the  neck,  may  be  due  to  causes  other 
than  tuberculosis,  for  example,  long  standing  pediculosis  causing  eczema 
of  the  head,  swelling  of  the  cervical  lymph  glands,  blepharitis  and  coryza. 
Hereditary  syphilis  should  be  ruled  out  (Hutchinsonian  teeth,  keratitis 
syphilitica,  Wassermann  reaction,  etc.).  In  tuberculosis  of  the  bronchial 
glands,  the  cough  may  resemble  that  of  whooping-cough,  though  the  stridor 
is  more  often  expiratory  than  inspiratory.  The  percussion  sounds  and  the 
x-ray  findings  are  characteristic. 

In  tabes  mesenterica  with  enlarged  and  tympanitic  abdomen  and  with 
diarrhea,  marked  emaciation  and  anemia,  the  diagnosis  can  usually  be 
easily  made. 

In  generalized  tuberculous  lymphadenitis,  the  affection  may  be  mis- 
taken for  Hodgkin's  disease.  Cultures  from,  and  histological  examination 
of,  an  excised  gland,  and  the  differential  count  of  the  leukocytes  will  decide. 
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(c)    Tuberculosis  of  the  Serous  Membranes 

(  TttbercidoKs  Serositis) 

Acute  or  chronic  tuberculosis  of  any  one  of  the  serous  membranes  may 
occur  (pleuritis,  pericarditis,  peritonitis),  or  two  or  more  cavities  may  be 
simultaneously  involved  (polyserositis,  polyorrhomenitis). 

The  diagnosis  depends  upon  the  family  history,  the  physical  signs,  the 
presence  or  absence  of  signs  of  tuberculosis  elsewhere  in  the  body,  the 
examination  of  the  exudate  (cytodiagnosis,  tubercle  bacilli,  animal  inocu- 
lation, q.  v.),  rontgenoscopy  and  rontgenography,  and  tuberculin  tests. 

These  diseases  are  described  more  fully  under  Pleuritis  and  Perito- 
nitis. 

(d)    Tuberculosis  of  the  Joints 

(Arthritis  tuberculosa) 

This  was  formerly  known,  especially  in  the  knee,  as  "white  swelling" 
(tumor  albu^).  The  joints  most  frequently  affected  are  the  hip  and  the 
knee,  though  the  elbow,  wrist,  shoulder,  or  ankle  may  be  involved.  (See 
also  Part  XL) 

Tuberculosis  of  the  Hip-Joint 

(Coxitis  tuberculosa) 

A  child  complains  of  tiring  easily,  begins  to  limp  on  walking  and  to 
complain  of  the  leg  hurting.  On  examination,  the  gluteal  fold  on  the 
affected  side  may  be  obliterated,  and  the  musculature  on  that  side  some- 
what atrophic.  Sometimes  the  child  complains  more  of  the  knee  than  of  the 
hip,  but  physical  examination  shows  that  the  knee  joint  is  normal.  If  the 
child  be  undressed  and  laid  upon  a  flat  table,  with  both  legs  outstretched, 
there  is  found  to  be  lordosis  of  the  lumbar  spine,  so  that  the  hand  can  be 
thrust  underneath.  If,  next,  the  back  be  laid  flat  upon  the  table,  the  knee 
on  the  affected  side  will  be  somewhat  lifted,  owing  to  slight  flexion  of  the 
hip.  Sometimes,  along  with  this,  there  is  abduction  and  lateral  rotation, 
sometimes  adduction  and  medial  rotation. 

The  movements  of  flexion,  extension,  adduction,  abduction,  and  rota- 
tion of  the  affected  joint  are  limited.  The  child  tries  to  use  the  lumbar 
spine  instead  of  the  hip,  keeping  the  hip  rigid.  He  thus  moves  his  pelvis 
without  his  thigh.  Such  rigidity  of  the  hip  may  be  due  either  to  muscle 
spasm  or  to  changes  inside  the  joint  itself  (ankylosis).  The  earliest 
movements  to  be  limited  are,  as  a  rule,  abduction  and  rotation.  If  one  try 
to  abduct  the  lower  extremity  rather  quickly,  and  this  cause  adductor 
spasm,  it  is  strong  evidence  of  coxitis,  even  though  movements  in  other 
directions  are  normal. 

In  some  instances,  a  cold  abscess  beneath  the  anterior  superior  iliac 
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spine  is  palpable.  The  inguinal  lymph  glands  may  be  enlarged.  There  is 
often  tenderness  on  pressure  on  the  anterior  surface  of  the  joint,  just 
below  the  middle  of  Poupart's  ligament.  If  the  knee  be  held  stiff,  a  sudden 
blow  on  the  heel,  shoving  the  femur  upwards,  or  a  blow  over  the  trochanter, 
may  cause  pain  in  the  hip-joint 

Differential  Diagnosis. — 1.  From  a  non-tuhercvlous  arthritis — more 
acute  onset,  in  the  acute  cases ;  in  the  chronic  cases,  the  older  the  patient, 
the  less  probable  tuberculosis ;  x-ray  examinations  are  often  decisive. 

2.  In  the  painful  stage,  from  coxa  vara — limping  due  to  shortening, 
not  to  pain;  foot  strongly  rotated  lateralward;  high  position  of  trochanter; 
rontgeHogram. 

3.  From  congenital  luxation  of  hip — shortening  of  spinomalleolar 
distance ;  abnormal  mobility  of  thigh ;  high  position  of  trochanter ;  head  of 
femur  palpable  near  trochanter ;  lumbar  lordosis ;  rontgenogram. 

4.  From  diseases  independent  of  the  hip-joint — old  abscess  from  spon- 
dylitis ;  perinephritic  abscess ;  appendiceal  abscess ;  hydrops  of  iliac  bursa ; 
sciatica ;  hysteria. 

In  any  of  these,  there  may  be  a  flexion-contracture  of  the  hip,  or  pains 
in  the  region  of  the  hip,  with  painful  limping. 


ii.    Tuberculosis  of  the  Knee^oint 

{White  Swelling,  Tumor  albus,  Oonitis  tuberculosa) 

(a)  Simplo  Effusion. — This  is  most  common  in  children,  in  whom  it  is 
the  commonest  form  of  serous  gonitis.  From  the  beginning  the  capsule  is 
thickened  at  the  upper  recess  of  the  joint  and  over  the  two  condyles  of  the 
femur,  and  the  joint  always  feels  hot,  even  when  the  disease  has  lasted  for 
months.  Movements  of  the  joint  may  be  only  slightly,  if  at  all,  limited, 
and  muscular  atrophy  comes  late. 

Differential  Diagnosis. — In  the  differential  diagnosis,  we  must  dis- 
tinguish it:  (1)  from  chronic  infectious  arthritis  (periarticular);  (2) 
from  congenital  lues  (choroiditis,  teeth,  Wassermann) ;  (3)  from  hemoph- 
ilic  joint  (blood  on  aspiration,  typical  rontgenogram,  family  of  bleeders). 

(b)  Fungous  Oonitis. — In  this  form,  the  capsule  is  diffusely  thickened. 
In  the  differential  diagnosis  we  must  consider  (1)  luetic  arthritis,  (2) 
sarcoma,  Qnd  (3)  lipoma  arborescens. 

(e)    Tuberculosis  of  the  Bones  (Caries) 

The  process  begins  in  the  bone-marrow.  The  bones  most  frequently 
affected  are  (1)  those  of  the  spine,  (2)  the  bones  of  the  pelvis;  but  other 
hones  (os  calcis,  humerus,  jaw,  femur,  ribs,  skull,  sternum,  tibia)  may  be 
affected. 
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L    SpoodyUfia  Inbercalosa  (Caries  o(  Ibe  Spine) 

In  caries  of  the  spine,  or  Pott's  disease  of  the  spine  {spondylitis  itiber- 
cuiom),  the  diagnosis  is  easy  when  the  vertehra  has  softened  enough  to  give 
rise  to  a  projecting  angle  or  gibbos.    One  has,  then,  only  to  look  at  the 
back  to  make  a  diagnosis,  as  the  angular  bend  of  the  spondylitic  kyphosis  is 
very  characteristic     If  a  projecting  portion  of  the  spine  involve  more  than 
one  spinous  process,  we  think  of 
rachitic  deformity  rather  than  of 
tuberculosis.      Ordinary    scoliosis 
and  kyphoscoliosis  are  easily  dis- 
tinguishable. 

In  adults,  there  may  be  no  gib- 
bus  and  no  cold  abscess.  Some- 
times the  diajrnosis  can  be  mack' 
in  a  child  before  a  gibbus  or  a  cold 
abscess  has  appeared  (stiffness  of 
the  spine,  crying  when  lifted  from 
the  bed,  x-ray  examination,  tuber- 
culin test). 

In  adults,  pain  referred  to  the 
umbilical  region,  to  the  hack  of  the 
neck,  or  along  the  sciatic  nerve,  or 
a  pain  in  the  back  on  descending 
stairs,  or  onhitting  the  boot  against 
a  stone  in  the  street,  should  make 
one  think  of  spondylitis.  In  Ikj- 
ginning  spondylitis  of  the  cervical 
spine,  a  sudden  movement  of  tlie 
head  may  cause  pain  in  the  lower 
extremities. 

On  examining  the  movements 
of  the  spine,  the  patient  should  al- 
ways be  wholly  undressed.  Flex- 
ion,   extension,    and    tlie    lateral     •"«  ^^--^"^Z,^'  *1""''    '!:""'"  .^'TT*' 

'  '  Note    tbe    GlbbUM    Id    the    Thoracic   Spine, 

movements  of  the  spine  should  be  (Med.  serviM,  i.  u.  ii.> 

tested. 

Pressure  in  the  long  axis  may  cause  pain.  Pressure  with  the  thumb 
upon  the  individual  spines  of  the  vertabrac  may  elicit  a  tender  spot, 
though  this  is  not  usually  foimd. 

The  application  of  a  hot  sponge  over  the  individual  spines  may  cause 
pain  in  the  affected  area. 

In  looking  for  cold  abscess,  which  sooner  or  later  appears  in  35  per 
cent  to  50  per  cent  of  the  cases,  and  may  be  the  first  tangible  symptom,  we 
examine  the  following  localities:  (1)  posterior  pharyngeal  wall,  (2)  the 
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side  of  the  neck,  (3)  axilla  and  infraclavicular  fossa,  (4)  the  back,  (6) 
between  the  last  rib  and  the  crest  of  the  ilium  in  the  lumbar  region,  (6) 
above  and  below  Pou part's  ligament  (psoas  abscess),  (7)  beneath  the 
muscles  of  the  buttock,  (8)  in  the  iliac  fossa  (iliac  abscess),  (9)  in  the 
perineum,  and  (10)  in  the  mediastinum. 

Differential  Diagnosis  of  Cold  Abscess. — Such  cold  abscesses  must  be 
differentiated:  in  the  cervical  region,  from  (1)  lipomata,  (2)  bronchial 
cysts,  (3)  esophageal  diverticula,  and  (4)  strumata;  in  the  lumbar  region, 
from  (1)  lipomata,  (2)  lumbar  hernia,  and  (3)  perinephritic  abscess; 
in  the  iliac  fossa,  from  (1)  ileocecal  tumors,  (2)  appendiceal  abscess,  (3) 
abscess  from  osteomyelitis,  and  (4)  parametritis;  in  the  inguinal  region, 
from  (1)  hernias,  (2)  hydrocele  of  the  spermatic  cord,  and  (3)  hygroma  of* 
the  subiliac  bursa ;  in  the  perineum,  from  (1)  dermoid  cysts,  and  (2)  peri- 
proctitic  abscess. 

The  origin  of  a  cold  abscess  with  fistula  formation  can  often  be  traced 
by  Beck's  method  (rontgenogram  after  injection  with  vaselin  containing 
20  per  cent  bismuth  carbonate,  or  30  per  cent  zirconium  oxide  [Caution !] ). 

The  differential  diagnosis  from  norirtuberculous  spondylitis  is  usually 
easy  by  means  of  the  constitutional  symptoms,  the  x-ray,  and  immunological 
tests. 

(/)    Tuberculosis  of  the  Skin 

Clinically,  this  may  assume  any  one  of  several  different  forms,  the 
etiological  unity  of  which  is  shown  by  the  demonstration  of  the  tubercle 
bacilli  in  the  lesions  by  microscopical  examination,  culture  or  animal 
experiment,  by  the  histological  structure,  and  by  focal  reactions  on  injection 
of  old  tuberculin.  Whether  or  not  there  are  also  skin  lesions  due  only  to 
the  toxins  of  bacilli  (so-called  tuberculides)  is  still  disputed.  The  forms  of 
skin  disease  absolutely  established  as  local  lesions  due  to  the  tubercle  bacilli 
are  (1)  lupus  vulgaris,  (2)  scrofuloderma,  and  (3)  ulcerative  acute  mil- 
iary tuberculosis  of  the  skin  (tuberculosis  cutis  propria).  It  seems  prob- 
able that  (4)  lichen  scrofulosorum  (tuberculosis  maculo-papulosa  aggre- 
gata)  belongs  here  also. 

Tuberculosis  of  the  skin  may  be  primary  or  secondary  to  tuberculosis 
of  mtemal  organs. 

L    tnpas  volffaris 

Definition. — A  chronic  form  of  tuberculosis  of  the  skin,  characterized 
by  a  peculiar  primary  efflorescence  known  as  the  lupus  nodule. 

Symptoms. — ^A  lupus  nodule  is  a  conglomerate  of  miliary  tubercles, 
appearing  as  a  sharply  circumscribed,  transparent,  yellowish  or  brownish- 
red  macule,  varying  in  size  from  the  head  of  a  pin  to  a  pea,  which 
does  not  disappear  when  pressed  upon  by  a  glass  slide  but  becomes  even 
more  distinct.     Such  spots  may  be  the  only  sign  at  the  beginning  {lupus 
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macidosus)  ;  later,  the  epidermis  on  the  surface  may  desquamate  (lupus 
exfoliativus).  Later  still,  there  may  be  irregular  central  scarring  (lupus 
serpiginosus).  Sometimes  the  infiltration  rises  above  the  level  of  the  skin, 
and  flat  brownish-red  thickenings  appear  (lupus  tuherosus).  If  there  be 
marked  proliferation  of  the  connective  tissue  beneath,  tumor-like  nodules 
arise  (lupus  hypertrophicus).  Lupus  most  often  attacks  the  face  (nose, 
cheeks,  upper  lip).  If  the  neck,  trunk,  and  extremities  are  affected,  a  ser- 
piginous lupus  is  usually  seen.  In  the  hand,  whole  phalanges  may  be  lost 
in  the  older  cases  (lupus  mutilans) ^  as  in  leprosy.  Occasionally,  the 
mucous  membranes  are  attacked. 

The  disease  begins  usually  in  childhood,  is  extremely  chronic,  and 
shows  periods  of  improvement  followed  by  exacerbation. 

vu    Scrohdodavia 

Definition. — A  tuberculosis  of  the  skin,  beginning  in  the  subcutaneous 
layers,  or  in  the  deeper  layer  of  the  cutis. 

Symptoms. — Two  forms  are  met  with,  one  giving  the  impression  of  a 
direct  infection  of  the  skin  from  without  or  through  the  blood,  the  other 
secondary  (by  extension)  from  tuberculosis  of  bones,  lymph  vessels  and 
glands.    It  is  a  disease  of  youth.    The  course  is  chronic  and  painless. 

Differential  Diagnosis. — It  is  distinguished  (1)  from  acute  inflamma- 
tory processes  (furuncles)  by  its  chronicity  and  its  painlessness;  (2)  from 
gumma  (therapeutic  test,  Wassermann  reaction,  negative  local  reaction 
to  old  tuberculin,  no  tubercle  bacilli  in  tissues  on  histological  exami- 
nation). 

iiL    Ulcerative  Miliary  Tuberculosis  of  the  Skin 

This  is  a  rare  condition,  seen  in  connection  with  advanced  tuberculosis 
of  the  internal  organs;  it  appears  usually  around  one  of  the  orifices 
(mouth,  nose,  anus)  as  shallow,  granulating,  painful  ulcers,  in  which, 
often,  miliary  tubercles  are  visible.  It  may  be  mistaken  for  soft  chancre, 
or  for  syphilitic  ulcer.  The  disease  appears  to  be  due  to  auto-inoculation 
from  the  neighboring  orifice. 

iv.    Ijchen  scrofidosum 

This  also  is  a  rare  disease  met  with  in  children  who  suffer  from  tuber- 
culosis of  the  lymph  glands,  bones,  or  cornea.  The  disease  presents  itself  in 
the  form  of  minute  nodules,  the  size  of  a  hemp-seed,  arranged  in  groups, 
or  in  circles.  They  are  of  a  pale  yellow,  or  brownish-red,  color,  and  early 
show  superficial  desquamation.  The  trunk  is  most  often  affected  (sacral 
region,  lateral  wall  of  thorax)  ;  occasionally,  the  face  or  the  extremities 
may  be  involved. 
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The  course  is  chronic  Tubercle  bacilli  have  been  demonstrated  in  the 
lesions  microscopically  and  by  animal  inoculation.  There  are  no  sub- 
jective symptoms. 

The  disease  must  not  be  confused  (1)  with  lichen  pilaris  (no  grouping, 
extensor  surfaces),  (2)  with  lichen  ruber,  or  (3)  with  lichen  syphiliticus 
(Wassermann  test). 

(g)    Tuberculosis  of  the  Urogenital  System 

Any  one  of  the  urogenital  organs  in  the  male  or  female  may  be  affected. 
After  one  organ  is  infected,  others  frequently  become  involved  by  exten- 
sion, and  in  late  stages  it  may  be  difficult  to  determine  the  primary  site. 

Acid-fast  bacilli  in  the  urinary  sediment  (when  urine  has  been  drawn 
by  catheter  to  avoid  the  smegma  bacillus)  give  positive  evidence  of  infec- 
tion. If  infection  be  suspected  and  the  bacilli  are  not  discoverable  micro- 
scopically, inoculation  of  guinea-pigs  should  be  resorted  to. 

Chronic  Benal  Tuberculosis  (Phthisis  rennm). — The  infection  is  of 
hematogenous  origin  in  90  per  cent  of  the  cases  (George  Walker).  Clini- 
cally the  signs  are  those  of  pyelonephritis.  The  urine  contains  albumin 
and  pus,  sometimes  blood  and  tissue  shreds,  elastic  fibers,  and  tubercle  ba- 
cilli, and  there  usually  is  fever  and  emaciation.  In  urethral  tuberculosis, 
the  thickened  urethra  can  sometimes  be  felt  through  the  rectum,  or  in 
women  through  the  vagina.  Catheterization  of  the  ureters  should  be  done, 
to  see  whether  both  sides  are  affected,  or  only  one^  In  renal  tuberculosis, 
bladder  tenesmus  may  be  •most  troublesome,  and  frequency  of  urination  is 
an  early  and  constant  symptom.  Dull  aching  pain  in  the  lumbar  region  is 
frequently  complained  qi  and  a  tender  enlarged  kidney  may  be  palpable. 
Hematuria  frequently  occurs,  and  x-ray  examinations  may  show  irregular 
enlargement  of  the  kidney.     (See  also  Part  X.) 

Tuberculosis  of  the  bladder,  prostate,  seminal  vesicles  and  testes  is  compara- 
tively rare,  though  tuberculous  epididymitis  is  fairly  common. 

Tuberculosis  of  the  Fallopian  Tubes  (Salpingitis  tuberculosa) . — This 
is  a  common  disease  in  women,  usually  bilateral.  The  masses  are  easily 
felt  on  bimanual  palpation,  especially  under  an  anesthetic.  The  differen- 
tial diagnosis  must  be  made  from  gonorrheal  salpingitis  and  from  tubal 
pregnancy. 

Tuberculosis  of  the  ovary  and  uterus  are  rare. 

Tuberculosis  of  the  placenta  in  pregnant  women  is  not  uncommon  when  pul- 
monary tuberculosis  exists. 

Tuberculosis  of  the  mammary  gland  sometimes  occurs  at  the  menopause  and 
later,  in  women.  There  is  irregular  induration,  sometimes  retraction  of  the  nipple, 
and  frequently  ulcers  and  fistulae,  following  cold  abscess.  The  course  is  chronic. 
The  axillary  glands  are  enlarged. 
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(A)    Tuberculo9it  of  the  Meninges  {Meningitit  tubereuloaa) 

This  disease  occurs  most  often  in  children  (2-5  years),  but  is  not  infre- 
quent in  young  adults. 

Symptoms. — The.  onset  is  insidious,  often  following  a  period  of  poor 
health,  or  an  attack  of  measles,  or  whooping-cough.  The  child  emaciates, 
looks  badly,  seems  apathetic,  suffers  from  constipation,  and  is  restlesa  in  its 
sleep.  Later  the  temperature  begins  to  rise,  and  there  is  vomiting.  The 
pulse  is  slow  and  irregular  (though  often  very  rapid  at  onset).  After  com- 
plaining of  pain  in  the  head  for  a  variable  period,  the  child  becomes  dull, 
sleepy,  delirious,  often  gritting  its  teeth  in  its  sleep.  The  neck  becomes 
rigid,  there  is  often  treneral  hypertonicity  of  the  muscles ;  and  there  is  gen- 


Fis.  83,— Tubcrculoud  M^DlDKltlB.  UDlverMl  Tonic  Siiaam :  Automatic  MovempalB  of  the  Left 
U&lt  ot  the  Bodr  ;  8capbaid  AbdompD :  Extreme  Emaciation.  (After  J.  Ibrahim,  In  B. 
Feet'a  "Lehi'b.  d.  KInderhellliuiide,"  published  by  O.  Fischer,  Jena,) 

eral  cutaneous  hyperesthesia  (period  of  irritation).  The  pupils  may  be 
unequal  and  sluggish  in  reaction;  choked  disk  is  common.  Boat-shaped 
retraction  of  the  abdomen  is  an  important  sign. 

In  the  paralytic  stage,  the  child  becomes  comatose,  the  pupils  are 
dilated;  facial  paralysis,  eye  muscle  paralysis,  or  hemiplegia  may  develop. 
The  pulse  becomes  rapid ;  Cheyne-Stokea  breathing  may  appear.  Leuko- 
cytosis is  not  uncommon.  Death  in  convulsions  commonly  occurs  in  the 
third  week.  In  the  more  chronic  cases  of  the  disease,  convulsions  may  or 
may  not  be  present.  (For  a  further  description,  see  Diagnosis  of  Diseases 
of  the  Nervous  System.) 

Diagnosis. — Tuberculous  (bacillary)  meningitis  should  always  be 
thought  of  when  a  child  predisposed  to  tuberculosis  (heredity,  scrofula, 
preceding  attack  of  whooping-cough,  or  measles)  becomes  apathetic,  vomits 
without  apparent  cause,  and  develops  a  slow,  irregular  pulse.  Whenever 
the  disease  is  suspected,  lumbar  puncture  should  be  done.  A  turbid  fluid 
under  heightened  pressure,  with  increased  lymphocytes  rather  than  poly- 
morphonuclear leukocytes,  s))eaks  for  tuberculous  meningitis.    (See  Exami- 
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nation  of  Cerebrospinal  Fluid.)  On  careful  search,  tubercle  bacilli  can 
usually  be  demonstrated  in  the  fluid,  either  by  staining  a  smear  of  the 
fibrin-film  that  frequently  forms  on  standing,  or  by  animal  inoculation 
(J.  Hemenway).  Sometimes  the  cerebrospinal  fluid  is  clear  in  tubercu- 
lous meningitis,  and  still  tubercle  bacilli  may  be  demonstrable  in  it. 

Differential  Diagnosis. — (1)  From  epidemic  cerebrospinal  meningitis 
— polymorphonuclear  cells  and  meningococci  in  spinal  fluid ;  sudden  onset ; 
(2)  from  typhoid  fever  with  meningismus — blood  culture;  lumbar  punc- 
ture; (3)  from  uremia — urinary  examination;  phenolsulphonephthalein 
test ;  lumbar  puncture. 

(1)    Acute  General  Miliary  Tuberculosis 

Definition. — ^A  disease  due  to  the  sudden  overwhelming  of  the  blood  with 
tubercle  bacilli,  with  formation  of  innumerable  miliary  tubercles  in  the 
organs.  The  bacilli  enter  the  blood  through  an  eroded  vein,  or  through 
the  thoracic  duct  (caseous  lymph  gland;  caseous  pulmonary  tuberculosis). 
More  rarely,  miliary  tuberculosis  follows  tuberculosis  of  the  intestine  and 
mesenteric  lymph  glands,  of  the  medulla  of  the  adrenal,  or  of  the  genito- 
urinary system. 

Symptoms. — These  are  partly  due  to  the  multiple  tubercles  in  the 
organs,  partly  to  the  toxins  of  the  tubercle  bacilli. 

Three  principal  types  are  distinguished:  (1)  the  typhoid  form;  (2) 
the  meningeal  form,  and  (3)  the  pulmonary  form. 

(1)  The  Typhoid  Form. — Here  the  toxic  effect  dominates  the  clinical 
picture.  The  onset  is  often  acute,  with  chill,  vomiting,  and  high  fever, 
which  may  be  continuous  or  slightly  remittent.  In  addition,  one  sees 
tachycardia,  tachypnea,  cyanosis  or  pallor,  delirium,  often  splenic  tumor, 
meteorism,  and  diarrhea;  occasionally  rose  spots  and  sometimes  herpes. 
Death  usually  occurs  in  the  third  week,  in  coma.  The  absence  of  the  B. 
typhosus  in  the  blood  culture,  the  small  rapid  pulse,  the  cyanosis,  and  the 
tachypnea  distinguish  it  from  typhoid.  Sometimes  a  focus  of  tuberculosis 
is  demonstrable  in  the  body,  and  occasionally  the  bacilli  are  demonstrable 
in  the  blood  by  the  method  of  Jessen  and  Rabinowicz. 

These  authors  draw  6-10  c.c.  of  blood  into  an  equal  amount  of  2.5  per  cent 
citric  acid.  The  mixture  is  carefully  shaken,  avoiding  foam  formation,  allowed 
to  stand  in  the  ice-box  for  several  hours,  and  then  thoroughly  centrifugalized. 
Smears  are  made  from  the  sediment  and  stained  for  tubercle  bacilli. 

I  have  often  looked  for  tubercles  in  the  choroid,  a  much  vaunted 
pathognomonic  sign,  but  in  my  experience  it  is  not  easy  to  find  them. 

(2)  Meningeal  Form. — Here  the  symptoms  are  largely  due  to  the 
metastatic  infection  of  the  meninges  and  of  the  brain.  The  signs  are 
those  of  tuberculous  meningitis  (q.  v.). 
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(3)  Pulmonary  Form. — If  the  symptoms  of  toxin  effect,  or  of  menin- 
geal infection,  be  not  marked,  the  patient's  appearance  may  call  attention 
rather  to  the  pulmonary  disturbances.  The  principal  symptoms  then  are 
fever,  cough,  pain  in  the  chest,  tachycardia  and  tachypnea,  cyanosis,  signs 
of  a  diffuse  general  bronchitis  in  the  lungs,  or  a  wide-spread  bronchopneu- 
monia ;  occasionally,  there  is  blood-tinged  sputum.  Death  occurs  in  from  3 
to  5  weeks,  the  approach  to  death  resembling  that  in  acute  bronchopneu- 
monia. 

Differential  Diagnosis  of  Miliary  Tuberculosis. — Besides  excluding  (1) 
typhoid  fever,  (2)  epidemic  cerebrospinal  meningitis,  (3)  bronchopnew- 
monia,  and  (4)  pnewmonia  of  pyogenic  origin,  the  following  diseases 
should  be  ruled  out:  (5)  septicemia,  especially  in  the  puerperal  period 
(blood  culture,  leukocytosis);  and  (6)  malaria  (parasites;  temperature 
curve;  therapy). 

Occasionally  miliary  tuberculosis  is  combined  with  typhoid  fever,  or 
with  sepsis,  in  which  event  the  elect  may  be  deceived. 

The  tuberculin  reactions  are  rarely  of  any  assistance  in  the  diagnosis  of 
these  acute  types  of  tuberculosis.     (See  Tuberculin  Reactions.) 

Some  of  the  Factors  Influencing  the  Course  of  Tuberculosis 

We  shall  now  discuss  some  of  the  factors  influencing  the  course  of  tuberculosis, 
referring  briefly  to  the  relations  of  tuberculosis  (1)  to  pregnancy,  (2)  to  mar- 
riage, and  (3)  to  the  use  of  alcohol. 

Tnbercnlosis  and  Pregnancy.— The  unfavorable  influence  of  pregnancy  upon 
the  course  of  tuberculosis  has  long  been  recognized,  though  now  and  then  one 
hears  a  report  of  a  favorable  influence  being  exerted.  Thanks  to  the  studies  of 
Rosthom  and  Fraenkel,  we  have  data  concerning  this  point  derived  from  exact 
observation  of  a  large  number  of  cases.  These  authors  assert  that,  in  apical 
processes  that  are  not  very  extensive,  or  in  cirrhotic  processes  in  the  lungs, 
whether  accompanied  by  fever  and  emaciation  or  not,  provided  other  complica- 
tions are  absent,  there  is  no  indication  for  the  interruption  of  pregnancy.  In 
such  cases,  a  waiting  attitude  should  be  assumed,  the  tuberculous  process  in  the 
lung  being  closely  watched  and  the  patient,  of  course,  being  given  every  hygienic 
and  dietetic  advantage.  In  case,  despite  careful  treatment,  there  should  be  no 
improvement  in  the  condition,  no  increase  in  the  body  weight  or  diminution  of  the 
fever,  the  question  of  interruption  of  the  pregnancy,  even  in  apparently  mild 
cases,  may  be  considered. 

In  patients  in  whom  the  tuberculous  process  is  progressive,  and  especially 
when  it  is  florid,  with  signs  of  high  fever,  rapid  emaciation,  and  complications, 
especially  if  there  be  tuberculosis  of  the  larynx,  the  interruption  of  pregnancy  is 
distinctly  indicated. 

Artificial  abortion,  if  it  is  to  be  done,  should  be  carried  out  as  early  as  possible, 
after  which  it  may  sometimes  be  possible  to  arrest  the  tuberculous  process. 

Every  tuberculous  woman  who  becomes  pregnant  should  be  kept  under  the 
strictest  medical  supervision,  for  if  pregnancy  is  to  be  interrupted  it  should  be 
done  early  in  its  course.  Interruption  of  an  advanced  pregnancy  is  a  serious 
matter  and  may  be  even  as  dangerous  for  the  tuberculous  woman  as  to  allow  the 
pregnancy  to  proceed  to  its  natural  termination. 
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Laiyngologists  and  obstetricians  have  frequently  emphasized  the  important  rela- 
tions existing  between  pregpaancy  and  laryngeal  phthisis;  the  majority  agree  that 
tuberculosis  of  the  larynx  is  a  definite  indication  for  artificial  abortion  (Kuttner), 
though  Rosthom  suggests  that  no  general  rule  be  set  up,  each  case  being  rather 
eonsidered  and  solved  for  itself.  There  can  be  no  doubt  that  laryngeal  tuberculosis, 
even  in  its  early  stages,  is  a  highly  dangerous  complication  in  pregnancy,  since 
even  a  mild,  and  otherwise  relatively  benign,  tuberculous  process  in  the  larynx 
may,  under  the  influence  of  pregnancy,  assume  a  malignant  and  progressive  char- 
act^  (Glas  and  Kraus).  The  symptoms  rapidly  increase,  owing  to  the  increased 
burden  thrown  upon  the  body  as  a  whole,  and  to  the  interference  with  respiration, 
due  to  the  high  position  of  the  diaphragm.  The  air  exchange  in  the  lungs  and 
the  expectoration  are  interfered  with;  everything  that  favors  the  extension  of  a 
pulmonary  tuberculosis  also  exercises  a  deleterious  influence  upon  the  laryngeal 
tuberculosis. 

Any  pr^nant  woman  who  complains  of  hoarseness,  or  of  difficulty  in  swallow- 
ing, should  be  examined  by  a  laryngological  specialist,  and  be  kept  under  close 
observation,  in  order  that  any  exacerbation  of  the  local  process  may  be  recognized 
as  soon  as  possible. 

Tubercnlosis  and  Uarriage. — Conjugal  tuberculosis  is,  as  is  well  known,  quite 
common;  it  is  stated,  variably,  to  exist  in  from  3.4  per  cent  to  39  per  cent  of  the 
eases,  the  diJfferent  statistics  depending  probably  upon  the  difference  in  social 
classes  studied.  Of  the  two  partners,  it  is  the  healthy  wife  who  is  the  more 
endangered,  since  she,  in  caring  for  a  sick  husband,  is  more  closely  tied  to  the 
house  than  the  husband  who,  having  a  sick  wife,  continues  his  work  outside  and 
leaves  the  care  of  her  to  others. 

Both  pulmonary  and  urogenital  tuberculosis  are  conunon  in  conjugal  tuber- 
cnlosis, the  urogenital  tuberculosis  being  usually  secondary  to  a  primary  pulmonary 
or  to  peritoneal  tuberculosis,  though  it  may  sometimes  be  primary  (q.  v.). 

The  family  practitioner  has  often  to  decide  the  question  of  marriage  for  a 
tnberculous  person.  No  absolute  rule  dare  be  laid  down;  each  single  case  must 
be  considered  for  itself,  and  the  decision  entails  a  heavy  responsibility.  Per- 
sons suffering  from  fresh,  progressive,  tuberculous  changes  certainly  should  not 
marry,  no  matter  how  shght  the  process  is;  only  after  the  condition  has  become 
stationary  and  the  general  state  favorable,  and  after  a  period  of  at  least  three 
years  has  elapsed  since  the  beginning  of  the  disease,  dare  we,  except  in  very 
nnusual  instances,  consent  to  a  marriage.  Several  other  factors  have  to  be  borne 
in  mind:  First,  whether  it  is  a  love-match,  or  a  manage  de  convenance;  if  the 
former  be  forbidden,  the  depressing  mental  effect  will  be  greater  than  in  the 
latter  instance,  while  permission  to  marry  when  a  suitable  condition  has  been 
reached  may  be  a  strong  spur  to  the  patient  to  do  everything  possible  for  recovery. 
Again,  the  age  of  the  patient  should  be  considered;  the  younger  the  patient,  the 
more  prons  is  the  tuberculous  process  to  revival;  moreover,  excesses  coincident  to 
marriage  and  the  bearing  of  children  are  less  likely  to  occur  in  older  persons 
than  in  the  young. 

Certainly  no  marriage  should  be  contracted  by  a  tuberculous  person  unless  the 
healthy  prospective  partner  has  been  previously  fully  informed  regarding  the 
infection  in  the  other,  and  its  dangers  as  well  as  the  necessary  modifications  of 
Hfe  have  been  discussed. 

Pecuniary  circumstances  have  also  to  be  considered.  Among  people  of  means 
who  can  command  the  best  hygienic  and  dietetic  conditions  and  who  will  not  be 
compelled  to  engage  in  the  struggle  for  existence,  marriage  may  be  permitted, 
when  in  opposite  conditions  it  might  be  highly  dangerous. 

The  question  as  to  whether  the  marriage  of  two  persona  who  are  both  tuber- 
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culous  may  be  permitted,  sometimes  comes  up.  Obviously,  should  such  a  marriage 
take  place,  an  agreement  to  a  childless  marriage  should  be  arrived  at  beforehand. 
From  a  eugenic  standpoint,  it  would  seem  wrong  to  burden  offspring  with  a 
double  tuberculous  heredity. 

Alcoliolism  and  Tuberculosis. — The  question  as  to  whether  alcohol  plays  any 
role  in  the  origin  of  tuberculosis  has  be^n  much  discussed.  Statistical  studies 
indicate  that  it  plays  no  important  part;  thus  females  are  seldom  the  subject 
of  alcoholism,  according  to  statistics  16  times  less  than  men,  but  tuberculosis  is 
half  as  common  in  women  as  in  men;  moreover,  many  human  beings  sicken  of 
tuberculosis  at  a  period  in  life  in  which  alcoholism  plays  no  part  (lymph  gland 
tuberculosis  in  children).  In  as  far  as  alcoholism  leads  to  poverty,  and  to  bad 
hygienic,  dietetic  and  social  conditions,  it  can  of  course  contribute  to  the  causa- 
tion of  tuberculosis. 

The  question  as  to  whether  the  tuberculous  patient  shall,  or  shall  not,  use 
alcohol  as  a  therapeutic  agent,  as  a  food,  or  as  a  luxury,  has  also  been  much 
discussed.  Here  again,  the  answer  must  be  an  individual,  not  a  general  one. 
Moderate  amounts  of  alcohol  seem  to  be  no  more  harmful  to  tuberculous  persons 
than  to  healthy  people.  Highly  nervous  people,  or  those  who  have  a  tendency 
to  hemoptysis,  should,  of  course,  avoid  alcohol.  As  a  remedial  agent,  alcohol 
sometimes  finds  a  place  in  tuberculosis  as  a  stimulant,  just  as  in  other  infectious 
diseases.  It  is  also  used  by  many  physicians  for  patients  who  suffer  from  night 
sweats,  or  who  have  much  fever.  Finally,  the  pleasurable  effects  of  a  glass  of 
wine,  or  of  other  substances  containing  alcohol,  in  moderation,  may  be  argued  as 
an  advantage;  especially  in  patients  with  a  tendency  to  emaciation,  the  property 
of  alcohol  as  a  protein-sparer  and  fat-sparer  is  emphasized  by  many  authorities. 
Sometimes,  a  patient  who  suffers  from  anorexia  may  eat  better  if  a  little  wine, 
or  beer,  be  given  with  his  food.  Certainly,  all  excess  is  to  be  avoided.  There  are 
many  physicians  who  believe  that  alcohol  should  be  strictly  prohibited  in  tuber- 
culosis and  in  all  other  diseases;  it  is  not  my  purpose,  however,  to  enter  here 
upon  a  discussion  of  the  advisability  of  total  abstinence. 


L    General  Remarks  on  the  Early  Diaifnosis  of  Pdmonaiy  Tdbercolosis  in  Adolb 

The  general  practitioner  must  depend,  in  the  first  place,  upon  the  time- 
honored  methods  of  examination,  though  in  doubtful  cases  he  may  call 
upon  accessory  aids.  The  anamnesis  is  of  very  great  importance,  special 
attention  being  paid  to  the  family  history,  the  history  of  previous  disease, 
the  social  and  hygienic  conditions  under  which  the  patient  has  lived,  and 
the  opportunities  for  contact-infection. 

On  inspection,  the  general  "size-up"  of  the  patient  is  important,  though, 
in  making  an  early  diagnosis,  it  must  be  remembered  that  persons  in 
apparently  blooming  health  and  of  robust  constitution  may  have  the  dis- 
ease. It  is,  of  course,  much  more  common  in  people  with  the  habitus 
phthisicus  (see  above).  The  thorax  should  be  examined  for  stenosis  of  the 
superior  aperture  (W.  A.  Freund),  due  to  calcification  of  the  first  costal 
cartilage.  Delayed  expansion  at  one  apex  on  inspiration  or  a  retraction  as 
the  result  of  a  pleuritic  exudate  will  also  be  manifest  on  inspection. 

On  palpation,  the  state  of  tension  of  the  tissues  in  the  supraclavicular 
$ind  supraspinous  fossae  on  both  sides  should  be  tested,  since,  as  Diing<es  ha3 
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pointed  out,  a  diminished  tonus  points  to  a  beginning  retraction  on  that 
side. 

The  more  important  findings  are  to  be  made  out  on  percussion  and  on 
auscultation,  especially  the  latter.  We  cannot  expect  changes  in  the  per- 
cussion note  before  the  lesion  has  reached  a  certain  grade.  The  infiltration 
must  involve  an  area  measuring  4-6  cm.  by  2  cm.  to  cause  dullness  on  per- 
cussion. I  am  inclined  not  to  lay  much  weight  on  very  slight  differences  in 
the  percussion  note  at  the  two  apices,  since  those  who  have  most  experience 
in  the  early  diagnosis  of  tuberculosis  may  be  in  error  regarding  the  signifi- 
cance of  a  slight  apical  dullness  (L.  Ilamman).  Still,  careful  percussion 
of  the  apices  should  be  undertaken,  and  we  pay  attention  not  only  to  the 
sound  produced,  but  also  to  the  resistance  felt  by  the  pleximeter  finger.  It 
is  well  to  compare  also  the  note  on  percussion  on  both  sides  at  the  end  of 
inspiration  and  at  the  end  of  expiration.  The  first  percussion  signs  of 
infiltration  are  (1)  a  shortening  of  the  percussion  sound,  and  (2)  an 
enfeeblement  of  the  normal  lung  resonance.  Only  later,  when  the  infiltra- 
tion has  become  more  marked,  or  the  pleura  thickened,  can  we  expect  to 
find  dullness  or  flatness. 

It  has  long  been  known  that  the  right  apex  may  occupy  a  little  lower 
position  than  the  left,  even  in  entirely  healthy  people,  and  that,  in  pa- 
tients with  chronic  nasal  obstruction,  there  may  be  a  non-tuberculous  col- 
lapse-induration of  the  right  apex  (Baumann).  Aside  from  this,  a  depres- 
sion of  the  upper  limit  of  lung  resonance  points  to  infiltration  or  retraction, 
formally,  the  lung  resonance  should  extend  for  from  3-5  cm.  above  the 
clavicle,  and  behind  to  the  level  of  the  7th  cervical  spine. 

The  exact  determination  of  the  lower  lung  limits  is  also  important, 
since,  in  most  cases  of  incipient  phthisis,  the  diaphragm  on  the  affected 
side  moves  sluggishly  or  not  at  all  during  respiration,  owing  to  diffuse 
adhesions  of  the  costal  pleura  with  the  diaphragmatic  pleura.  Rontgeno- 
scopy is  a  help  here. 

On  auscultation,  change  in  the  breath  sounds,  especially  a  roughening 
or  a  weakening  of  inspiration,  or  a  prolonged  and  roughened  expiration  at 
one  apex,  is  very  suggestive  of  a  tuberculous  process,  especially  if  these 
findings  be  confirmed  on  repeated  comparative  auscultation  of  both 
apices. 

The  presence  of  rales  at  one  opex,  especially  after  coughing,  is  a  most 
important  auscultatory  sign.  Such  rales  may  be  present  even  when  the 
breath  sounds  are  as  yet  unaltered.  Their  presence,  on  repeated  examina- 
tions, is  pathognomonic  for  "apex  catarrh." 

At  first,  these  rales  consist  of  a  few  fine  crackles,  or  crepitations. 
Later,  coarser  rales  may  be  heard,  and  when  infiltration  has  begun,  they 
become  consonating.  As  soon  as  the  infiltration  has  reached  a  certain 
grade,  the  breathing  loses  its  vesicular  character  and  becomes  bronchial 
In  older  persons,  a  pulmonary  tuberculosis  may  be  masked  by  an  asthma  or 
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by  an  emphysema  and  then  the  diagnosis  is  hard  to  make,  on  account  of 
the  rarity  of  the  association  of  tuberculosis  with  these  conditions. 

The  vocai  resonance  is  increased  over  infiltrated  areas  and  especially 
over  cavities,  but  enfeebled  behind  pleuritic  exudates.  Increased  vocal 
resonance  may  appear  at  a  period  before  auscultation  of  the  breath  sounds 
or  percussion  can  demonstrate  an  infiltration.  Later  on,  as  the  process 
advances,  the  voice  sounds  may  diminish  in  intensity. 

A  circumscribed  pleurisy  with  friction  rub  may  be  the  first  sign  of 
early  tuberculosis,  especially  in  the  upper  lateral  regions  of  the  thorax. 

It  is  unusual  to  find  beginning  tuberculosis  associated  with  arterial 
hypertension.  Usually,  the  blood  pressure  is  lower  than  normal  in  tuber- 
culous patients. 

Among  the  conditions  suggestive  of  a  nearly  latent,  or  larvate,  form  of 
tuberculosis  may  be  mentioned:  (1)  a  chlorotic  blood  state  with  the 
symptoms  of  chlorosis,  (2)  unexplained  digestive  disturbances  (anorexia, 
acid  eructations,  meteorism,  hyperacidity,  atony),  (3)  neurasthenic  states, 

(4)  unexplained  pleurisy,  especially  of  insidious  type,  with  recurrences, 

(5)  loss  of  weight,  and  (6)  low  fever.  In  the  so-called  active-latent  form 
of  early  tuberculosis  the  cardinal  symptoms  are  fever,  emaciation  and 
sweats. 

In  all  the  forms  of  early  tuberculosis  mentioned  above,  the  ophthoLmo- 
tuberculin  reaction  is  a  great  help  in  arriving  at  a  decision. 

In  pulmonary  tuherculosis  with  demonstrable  local  lesion^  the  diag- 
nosis is  easier.  The  patients  now  have  cough,  dyspnea,  pains  in  the  chesty 
and  sometimes  hemoptysis. 

The  cough  may  be  a  "dry  cough,"  characterized  by  its  short,  non- 
resonant  sound  and  by  the  absence  of  sputum,  and  of  rales ;  it  is  usually 
worse  at  night.  In  another  form  of  cough,  there  is  associated  vomiting  of 
unaltered  food.  These  two  forms  of  cough  are  sometimes  supposed  to  be 
"nervous  cough."  The  patients  are  often  hoarse.  In  a  third  form  of 
cough,  the  so-called  "catarrhal  cough,"  there  is  mucous  expectoration,  some- 
times tinged  with  blood. 

Not  so  much  stress  can  be  laid  upon  dyspnea,  or  upon  pains  in  the 
chest,  as  signs  of  tuberculosis,  since  they  occur  in  the  most  different  varie- 
ties of  intrathoracic  disease. 

Hemoptysis  may  be  the  first  symptom  of  incipient  pulmonary  tubercu- 
losis, and  it  may  recur  at  different  stages  of  the  process.  Hemoptysis 
alone  does  not  permit  of  the  diagnosis  of  pulmonary  tuberculosis,  however, 
since  it  may  occur  in  bronchiectasis,  in  neoplasm,  in  lung  syphilis,  in 
cardiac  disease,  in  aortic  aneurism,  in  throat  affections,  in  vicarious  men- 
struation, etc. ;  but  if  hemoptysis  be  associated  with  other  signs  of  tuber- 
culosis, or  occur  in  persons  with  the  habitus  phthisicus,  or  with  a  tuber- 
culous family  history,  it  speaks  strongly  in  favor  of  a  tuberculous  infection. 
It  may  or  may  not  be  associated  with  fever. 
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Whenever  there  is  any  sputum  in  a  patient  with  signs  suggestive  of 
tuberculosis,  it  should  be  repeatedly  examined  by  the  Ziehl-Neelsen  method 
for  tubercle  bacilli.  If  persistently  negative  by  this  method,  it  may  be 
examined  by  the  antiformin  method,  or  be  sent  to  a  laboratory  with  the 
request  that  a  guinea-pig  be  inoculated. 

n.    General  Remarks  on  ibe  Early  Diai^nosis  of  Tuberculosis  in  Childreii 

Von  Behring  (1903)  believed  that  the  pulmonary  tuberculosis  of 
adults  is  simply  "the  end  of  a  song  which  was  sung  by  a  candidate  for 
tuberculosis  when  in  the  cradle/^  In  other  words,  he  believes  that  tubercu- 
lous infection  occurs  durinjg  the  suckling  period,  through  milk. 

The  introduction  of  von  Pirquet's  test  and  of  the  ophthalmo-reaction 
for  the  study  of  tuberculosis  in  children  has,  as  a  matter  of  fact,  opened 
our  eyes  to  the  frequency  of  childhood  infection,  and  the  clinical  findings 
have  been  confirmed  by  the  pathological  anatomists. 

At  present,  the  supporters  of  two  views  are  fighting  for  ascendency 
regarding  the  mode*  of  infection:  (1)  that  of  a'erogenous  infection  and 
(2)  that  of  enterogenous  or  alimentary  infection.  While  congenital  in- 
fection may  occur,  it  is  now  generally  considered  that  it  plays  but  little, 
if  any,  role  in  the  origin  of  human  tuberculosis. 

There  can  be  no  doubt  that  children  become  infected  from  some  human 
being  (phthisical  father,  mother,  sib,  servant,  playmate,  neighbor)  who 
distributes  bacilli  in  their  neighborhood.  The  younger  the  child,  the 
greater  the  danger  of  infection ;  hence,  in  taking  the  family  history,  it  is 
very  important  to  inquire  into  the  associates  of  the  infant  up  to  the  time  it 
was  two  years  old  (Hamburger).  After  infancy,  the  child  may  be  exposed 
at  the  kindergarten  or  in  the  schools. 

Judging  by  tuberculin  tests  of  children  between  7  and  10  years  of  age, 
64  per  cent  yield  a  positive  reaction ;  between  11  and  14  years,  77  per 
cent  It  seems  therefore  probafble  that  the  majority  of  children,  especially 
among  the  poor,  are  infected  with  tuberculosis,  though  not  sick  with  tu- 
berculosis. According  to  Naegeli,  97  per  cent  of  the  individuals  coming 
to  autopsy  in  Zurich  show  the  signs  of  a  healed  tuberculosis.  In  other 
words,  practically  every  human  being  is  at  some  time  or  another  infected 
with  tuberculosis. 

It  would  seem  that  the  disposition  to  tuberculous  infection  is  very  pro- 
nounced in  the  suckling  period,  and  less  pronounced  later  on. 

It  goes  without  saying  that  material  and  social  factors  are  of  great 
importance  in  diminishing,  or  in  increasing  the  disposition  to  tuberculosis ; 
children  who  are  abundantly  nourished,  and  who  live  in  favorable  hygienic 
surroundings,  are  far  less  predisposed  to  tuberculosis  than  the  poor. 

Of  the  diseases  of  childhood  which  increase  the  disposition  to  tubercu- 
lous disease,  measles  and  whooping-cough  occupy  the  first  place. 
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Children  with  exudative  diathesis  (Czemy)  possess  a  peculiar  predis- 
position to  serofulosis  or  tuberculosis  of  the  lymph  glands. 

The  course  of  tuberculosis  in  children  varies  much  in  different  in- 
stances, depending  (1)  upon  disposition,  as  above  discussed,  (2)  on  the 
grade  of  infection,  and  (3)  on  the  age  of  the  child.  The  differences  in  the 
manifestations  of  the  disease  in  children  from  those  in  adults  is  explained 
by  the  lower  capacity  for  resistance  in  the  infantile  organism,  the  tissues 
having  very  little  tendency  to  localize  or  to  heal  tuberculous  processes.  It 
is  therefore  common  to  find  a  generalization  of  the  process  in  young 
children.  The  bacilli  invade  a  whole  series  of  organs  (lymph  glands, 
spleen,  kidney,  liver,  bones,  etc.).  The  predilection  site  of  infantile 
tuberculosis  is,  however,  the  bronchial  lymph  glands,  and  it  is  thence  that 
the  other  organs,  like  the  lungs,  spleen,  bones,  joints  and  brain,  most  often 
become  infected.  This  is  in  marked  contrast  with  what  is  met  with  in 
adults,  in  whom  the  predilection  site  is  the  apex  of  one  lung.  As  children 
approach. puberty,  the  tendency  to  the  adult  form  of  localization  of  the 
tuberculous  process  begins  to  appear. 

Rapid  generalization  of  the  tuberculous  process  with  fatal  termination 
is  characteristic  of  the  first  year  of  life  (Engel).  In  children  attacked  at 
this  age,  we  observe  a  general  nutritional  disturbance,  often  otorrhea,  ec- 
zema of  the  head,  swelling  of  the  lymph  glands,  tuberculous  abscesses  in  the 
subcutaneous  tissue  and  in  the  lungs,  signs  of  a  diffuse  bronchial  catarrh, 
or  of  bronchopneumonic  foci  in  the  lower  lobes,  with  irregular  fever  and 
digestive  disturbances.  Every  practitioner  has  been  surprised  to  see  a 
small  child,  apparently  fairly  healthy,  suddenly  attacked  by  a  fatal  tuber- 
culous meningitis.  During  the  suckling  period,  tuberculosis,  once  well 
started,  runs  a  stormy  course,  always  terminating  fatally,  usually  with  a 
picture  of  general  miliary  tuberculosis. 

In  older  children,  tuberculosis  is  less  malign;  there  is  less  tendency  to 
generalization,  and  an  increased  tendency  to  localization  in  certain  organs, 
especially  the  bronchial  lymph  glands,  the  other  lymph  glands,  the  bones 
and  the  joints. 

Pathological-histological  studies  of  tuberculosis  in  childhood  indicate 
that  the  tubercle  bacillus,  on  entrance,  may  or  may  not  at  once  produce 
tuberculous  disease.  In  the  latter  case,  it  may  remain  latent,  without 
undergoing  multiplication,  at  some  spot  in  the  body,  and  cause  no  signs  of 
disease  (so-called  latent  stage).  Later,  xmder  the  influence  of  trauma  or 
of  some  infection  (measles,  whooping-cough,  influenza),  the  latent  tubercu- 
losis is  transformed  into  a  manifest  tubercxdosis ;  the  tuberculosis 
spreads,  (1)  directly,  by  continuity,  or  (2)  by  carriage  in  secretions  or 
excretions,  as  when  the  bladder  becomes  tuberculous  secondary  -to  tubercu- 
losis of  the  kidney,  or  (3)  through  the  lymph  channels,  or  the  blood  vessels. 

When  acute  miliary  tuberculosis  appears  in  childhood  it  presents  the 
features  of  an  acute  infectious  disease,  usually  beginning  suddenly,  with 
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quick  rise  of  temperature,  irregular  pulse,  dyspnea,  cyanosis,  usually  dry 
cough,  enlargement  of  the  spleen,  and  marked  cerebral  sjyTnptoms  due  to 
miliary  tubercles  in  tlie  meninges.  There  may  be  no  bacilli  in  the  sputum 
or  in  the  urine ;  sometimes  bacilli  will  be  found  in  the  cerebrospinal  fluid 
on  lumbar  puncture,  or,  on  ophthalmoscopic  examination  choroidal  tu- 
bercles may  be  visible.  The  disease  is  often  confused  with  typhoid  fever, 
with  cryptogenetio  sepsis,  with  capillary  bronchitis,  or  with  influenza. 

In  the  bronchial-gland  tuberculosis  of  children,  the  onset  of  the  disease 
is  usually  insidious,  with  loss  of  appetite,  pallor,  emaciation,  and  slight 
atypical  pyrexia ;  sometimes,  the  disease  sets  in  acutely,  with  high  fever 
and  rapid  emaciation.  In  such  cases,  the  absence  of  outspoken  objective 
signs  elsewhere  in  the  body  should  make  one  very  suspicious  of  the 
existence  of  bronchial-gland  tuberculosis.  Two  symptoms  are,  however, 
usually  present  to  facilitate  the  diagnosis,  namely:  (1)  a  high-pitched 
cough  and  (2)  an  expiratory  dyspnea,  both  of  which  are  the  result  of 
a  compression  of  the  bronchi  by  the  swollen  glands.  These  symptoms,  will 
often  permit  of  a  positive  diagnosis,  even  at  a  stage  when  the  children 
are  still  well  nourished.  Sometimes  the  cough  is  more  like  that  of 
whooping-cough,  in  which  case  it  is  probably  due  to  vagal  irritation.  A 
tuberculin  test,  however,  will  often  distinguish  between  whooping-cough 
and  tuberculosis. 

The  course  of  bronchial-gland  tuberculosis  varies  much  in  different 
cases.  It  may  be  benign,  becoming  stationary  through  encapsulation  of  the 
focus  and  calcification  of  the  glands.  In  malign  cases,  it  extends  from  the 
lymph  glands  through  the  lymph  vessels  or  the  blood  vessels,  and  gives  rise 
to  an  acute  general  miliary  tuberculosis.  Sometimes  a  bronchial-gland 
tuberculosis  that  has  long  been  stationary  (encapsulation,  calcification) 
is  lighted  up  again  by  trauma,  measles,  or  whooping-cough,  and  gives 
rise  to  an  acute  diffuse  process.  In  the  more  advanced  cases,  rontgen- 
ography  is  very  helpful  in  differential  diagnosis,  but  it  is  desirable  to  make 
the  diagnosis  at  an  earlier  stage. 

In  early  pulmonary  tuberculosis  in  children,  the  disease  may  take  the 
form  either  of  tuberculous  pneumonia,  or  of  chronic  ulcerative  tuber- 
culosis (phthisis). 

Tuberculous  pneumonia  in  children  is  usually  secondary,  represent- 
ing an  acute  process  following  upon  a  disease  previously  chronic.  The 
clinical  signs  resemble  those  of  a  catarrhal,  or  of  a  lobar,  pneumonia, 
which,  however,  is  prolonged  beyond  the  period  characteristic  of  benign 
forms  of  these  diseases.  The  nature  of  the  process  may  be  entirely  obscure 
at  first,  but  the  existence  of  tuberculosis  in  the  child,  the  family  history, 
the  delayed  resolution  of  the  pneumonic  process,  and  the  presence  of 
tubercle  bacilli  in  the  sputum  clear  up  the  diagnosis. 

Chronic  ulcerative  tubercidosis,  like  that  of  adults,  is  not  very 
common  in  children  before  puberty,  though  it  may  occasionally  appear 
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after  the  4th  or  5th  year  of  life.  At  the  beginning,  the  little  patient 
ceases  to  gain  in  weight,  grows  pale,  emaciates,  tires  easily,  and  becomes 
irritable  and  capricious.  A  morning  cough  appears,  though  there  may 
be  no  sputum  at  first.  At  the  beginning  the  physical  examination  of  the 
lungs  may  be  negative,  though  later  on  small  foci  of  infiltration  appear. 
It  is  important  to  remember  that  in  children  with  the  signs  of  pulmonary 
tuberculosis  we  must  direct  our  attention  to  the  lower  lobes  of  the  lungs 
rather  than  to  the  apices ;  though,  as  children  approach  the  age  of  puberty, 
the  tendency  to  an  apical  localization  becomes  manifest,  just  as  in  adults. 
As  the  disease  advances,  rontgenoscopy,  and  especially  stereoscopic 
rontgenography,  afford  important  help  in  diagnosis.  At  this  time  outspoken 
infiltrations  become  demonstrable,  and,  later  on,  cavity  formation  and  the 
signs  of  mixed  infection  with  pyogenic  cocci  (hectic  fever,  profoimd  ema- 
ciation) are  met  with. 

Among  the  complications  of  pulmonary  tuberculosis  in  children,  tuber- 
culoiLS  pleuritis,  laryngeal  tuberculosis,  and  tuberculous  ulceration  of  the 
intestines  are  common,  while  hemoptysis  is  rare. 

A  systematic  procedure  should  be  followed  for  purposes  of  diagnosis 
when  one  suspects  a  beginning  pulmonary  tuberculosis  in  childhood.  The 
regular  routine  should  include:  (1)  a  carefully  taken  anamnesis,  (2) 
repeated  precise  examinations  of  the  lungs,  (3)  the  keeping  of  a  two- 
hourly  temperature  chart  for  two  weeks,  (4)  the  keeping  of  a  body- 
weight  chart,  (5)  frequent  examinations  of  the  sputum  (microscopically, 
and  by  animal  inoculation),  (6)  cautiously  undertaken  tuberculin  tests 
during  afebrile  periods,   (7)   stereoscopic  rontgenography. 

It  is  important,  further,  that  the  practitioner  should  be  more  or  less 
familiar  with  the  local  lesions  of  the  skin  that  occur  in  tuberculosis 
in  childhood.  These  include  (1)  the  tuberculids  and  (2)  the  scrofulids 
(Hamburger,  Escherich). 

Among  the  TUBERCULros  may  be  mentioned:  (a)  Gumma  scrofulosorum,  in 
which  there  are  indolent  subcutaneous  infiltrations  of  the  skin  of  firm  consistence, 
varying  in  size  from  that  of  a  hemp-seed  to  that  of  a  small  cherry,  often  showing 
through  the  skin  as  bluish  red  nodules.  They  are  sometimes  attached  to  the  skin 
and  may,  after  softening,  break  through  to  the  outside.  They  are  most  common 
in  the  lower  extremities.  In  number,  there  may  be  only  a  single  nodule  taken  by 
the  family  to  be  a  boil,  but  in  furunculosis  there  are  usually  many  nodules,  whereas 
a  small  number- speaks  in  favor  of  gumma  scrofulosorum.  (b)  Lichen  scrofu- 
losorum, with  small  lesions  about  the  size  of  grains  of  wheat,  or  smaller,  arranged  in 
groups ;  they  are  of  a  bluish  red  color,  or  may  be  pale  grayish  white.  They  occur 
most  commonly  on  the  lateral  part  of  the  trunk,  (c)  The  tuberculids  proper 
include  the  papulosquamous  and  the  papulonecrotic  tubercuUds.  All  these  varieties 
follow  a  very  chronic  course  and,  on  account  of  the  scanty  number  of  the  lesions, 
must  be  sought  for  if  they  are  to  be  observed. 

Among  the  sCROFULms  may  be  mentioned:  (a)  Phlyctenular  conjunctivitis, 
sometimes  called  conjunctival  tuberculids.  These  are  small,  scarcely  visible,  grayish 
white  nodules  in  the  conjunctiva.    They  are  surrounded  by  a  markedly  hyperemic 
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zone.  On  superficial  examination,  the  process  may  be  taken  to  be  a  simple  form 
of  conjunctivitis  with  photophobia,  (b)  Chronic  blepharitis,  (c)  Scrofulous 
rhinitis,  (d)  Thickening  of  the  upper  lip,  (e)  Moist  eczema,  (f)  Catarrhal 
infiammations  of  the  throat,  ear,  air  passages  and  digestive  tract,  (g)  Multiple 
indolent  enlargements  of  the  lymph  glands. 

In  all  these  children  with  signs  of  scrof ulosis,  a  positive  tuberculin  reaction  can 
be  obtained.    In  other  words,  scrofulosis  falls  within  the  domain  of  tuberculosis. 

One  must  differentiate  these  scrofulous  lesions,  especially  those  involving  the 
lymph  glands,  from  (1)  Pfeiffer's  glandular  fever^  (2)  Schick's  postscarlatinal 
lymphadenitis,  and  (3)  lymphadenoid  leukemia  and  aleukemic  lymphadenosis. 

The  diagnosis  of  tuberculous  serositis  and  of  tuberculous  meninyitis 
is  described  elsewhere,  as  are  the  methods  of  using  the  tuberculin  tests, 
and  of  making  x-ray  examinations  in  tuberculosis  of  the  lungs  and  of 
the  bronchial  glands.  Here,  however,  may  be  mentioned  the  contra-indi- 
cations  to  a  diagnostw  tuberculin  test:  (1)  In  cases  in  which  the  clinical 
diagnosis  is  clear,  especially  when  tubercle  bacilli  are  present  in  the 
sputum  or  urine,  a  tuberculin  test  is  superfluous.  (2)  In  advanced  in- 
filtrative processes  in  the  lung,  a  tuberculin  test  need  not  be  made.  (3) 
In  cases  in  which  the  mouth  temperature  is  above  37°  C,  a  tuberculin 
test  should  not  be  made.  (4)  During  hemoptysis,  and  for  a  short  time 
after,  the  test  should  be  avoided.  (5)  In  outspoken  nephropathy ,  no 
tuberculin  test  should  be  made.  (6)  In  very  neurotic  patients,  a  positive 
tuberculin  test  is  of  doubtful  value,  owing  to  the  fact  that  such  patients 
often  react  with  fever  to  a  hypodermic  injection  even  of  water.  (7)  In 
epileptic  patients,  a  tuberculin  test  may  call  forth  an  attack.  (8)  In 
suspected  tuberculosis  along  with  severe  constitutional  disease  (diabetes 
mellitus,  typhoid  fever,  pneumonia)  it  is  best  to  avoid  a  diagnostic  tuber- 
culin test. 
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19.    Diseases  Due  to  the  Leprosy  Bacillus 

Leprosy  Bacillus. — The  Bacillus  leprce  (Hansen,  1872),  studied  care- 
fully by  Neisser  (1879),  is  a  slender,  non-motile,  acid-fast,  rod,  4-6  fi 
long  by  0.3-0.5  /*  broad,  present  in  enormous  numbers  inside  the  cells,  or 
within  the  lymph  spaces  of  the  lesion.  Both  ends  of  the  bacilli  are  often 
pointed.  The  bacilli  show  a  strong  tendency  to  grow  in  masses,  in  which 
the  individual  bacilli  are  parallel  to  one  another — so-called  cigar-huiidle 
masses  of  bacilli — or  glcea  of  Unna,  or  globi.  Many  of  these  lepra-globi 
are  bacillary  thrombi  in  the  lymph  vessels.  On  staining  by  Gram's 
method,  each  bacillus  is  seen  to  contain  rows  of  granules  (Lutz  and  Un- 
na) ;  they  correspond  to  the  Babes-Ernst  granules  of  other  bacteria.  Many 
of  the  granular  forms  will  not  stain  at  all  in  carbol-fuchsin,  but  are 
beautifully  demonstrable  by  Much's  modification  of  the  Gram  stain. 
Diphtherioid,  partially  acid-fast  bacilli  have  occasionally  been  grown  from 
leprous  lesions  (Bordoni-Uffreduzzi,  1886;  Babes,  1901;  Duval;  and  Ked- 
rowsky).  According  to  Keitschewsky  and  Bierger  (1913),  complementr 
fixation  tests  indicate  that  Kedrowsky's  strain  is  identical  with  Hansen's 
bacillus,  and  Duval's  is  not.  Acid-fast  streptothrix  forms  have  been  grown 
from  leprous  lesions  by  several  observers  (G.  Deycke,  1903;  Williams, 
1911;  Bayon,  1912).  Thus  far,  the  actual  proof  of  a  causal  relationship 
between  either  the  diphtherioid  bacilli,  or  the  streptothrix  forms,  has  not 
been  brought  forward.     (Plate  IV,  Fig.  1.) 

Experimental  Leprosy. — Attempts  to  produce  leprosy  in  experimental 
animals  have  been  made  by  many  workers  (Melcher  and  Ortmann,  1885; 
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Kedrowsky;  Bayon;  Nicolle;  Much),  but  have  not  been  satisfactory.  At- 
tempts to  inoculate  healthy  human  beings  have  also  been  made  (Daniellsen 
and  Boeck),  but  have  failed,  except  in  the  single  instance  of  the  criminal 
Eeanu,  condemned  to  death  in  Hawaii,  but  pardoned  on  condition  that  he 
would  submit  to  inoculation  of  leprous  material  as  a  scientific  experiment 
He  was  inoculated  by  Arning  and  two  years  later  was  manifestly  leprous, 
but  as  certain  distant  relatives  were  leprous,  the  case  is  not  wholly  free 
from  objection. 

In  infected  human  beings,  leprosy  bacilli  are  almost  always  present 
in  the  nasal  secretions  (Sticker).  They  are  sometimes  present  in  the  saliva, 
in  the  sputum,  in  the  milk,  in  the  feces,  and  in  the  blood. 

In  about  70  per  cent  of  the  cases  of  the  tuberous  form  of  leprosy,  the 
Wassermann  reaction  is  positive  (Meier),  and  complement  fixation  for 
tuberculin  is  said  to  be  positive  in  a  very  large  percentage.  MoUers  (1913), 
out  of  32  sera,  from  20  patients  with  tuberous^  8  with  nervous,  and  4  with 
mixed  lepra  found  complement-binding  antibodies  to  tuberculin  prepara- 
tions in  no  less  than  25.  This  probably  points  to  a  "group-reaction,"  due 
to  the  biological  relationships  of  the  bacilli  of  leprosy  and  the  bacilli  of 
tuberculosis. 

(a)    Human  Leprosy  {Lepra) 

Epidemiology. — The  disease  is  transferred  directly  from  the  patient  to 
other  human  beings,  though  the  degree  of  contagiosity  must  be  very  low 
and  the  possibility  of  an  intermediate  change  in  the  virus  has  to  be  con- 
sidered. Just  how  the  transmission  occurs  is  disputed.  Close  relation- 
ship, as  in  families  and  sleeping  in  the  same  bed,  or  sexual  intercourse, 
seem  to  be  responsible,  and,  recently,  Honeij  and  Parker  have  shown  that 
a  species  of  fly  {Stomoxys  calcitrans)  may  carry  the  bacillus.  Insects,  how- 
ever, play  no  part  in  the  actual  transfer  of  the  disease,  as  far  as  is  known. 
The  anesthetic  form  is  but  little,  if  at  all,  contagious.  The  tuberous  form 
is  the  most  dangerous,  probably  because  the  patients  give  off  bacilli  on 
coughing,  or  through  open  wounds. 

Congenital  infection  is  exceedingly  uncommon.  The  Commission  of 
the  National  Leprosy  Fund  in  India  collected  1,564  instances  of  leprous 
parents  who  had  2,015  children,  of  whom  only  75  had  leprosy.  Sand 
(1910),  in  Norway,  reported  512  leprous  parents  with  1,835  children, 
of  whom  1,710  (93.2  per  cent)  were  healthy,  and  125  (6.8  per  cent)  were 
leprous.  In  17  instances,  both  parents  were  leprous  and  had  55  children, 
of  whom  8  (i.  e.,  12.7  per  cent)  were  leprous. 

The  disease  is  very  widely  distributed  over  the  earth's  surface.  For- 
tunately, the  northern  parts  of  America  are  relatively  free  from  the 
disease;  autochthonous  leprosy  does  not  occur  in  Canada,  nor  in  the 
United  States,  except  perhaps  in  Minnesota  and  in  Louisiana,  In  Mexico, 
Central  America,  and  the  West  Indies,  the  disease  is  common ;  about  1  in 


294  DIAGNOSIS   OF   INFECTIOUS   DISEASES 

every  1,000  of  the  population  is  affected.  The  countries  in  the  northern 
part  of  South  America  suffer  still  more.  In  Colomhia  there  are  over  4,000 
lepers  (Montaya  y  Florez)  ;  in  British  Guiana,  1  out  of  every  250  or  300 
of  the  population  has  leprosy  (Hillis;  Deycke).  Brazil  and  Argentina 
are  less  affected;  Chili  is  relatively  free  from  the  disease.  The  nodular 
form  is  most  conmion  in  countries  in  which  the  disease  has  been  newly 
introduced,  the  nervous  form  in  countries  in  which  the  disease  has  long 
existed.  The  disease  is  widespread  in  Asia,  Africa,  and  certain  parts 
of  Europe. 

Symptoms. — The  incubation  period  is  very  long,  3-5-10-20  years  elaps- 
ing after  exposure  before  symptoms  develop.  In  the  early  stages,  sub- 
jective disturbances  of  sensation  (hyperesthesia,  itching,  formication)  are 
common;  other  early  signs  include  falling  out  of  the  hair,  dry  rhinitis 
with  epistaxis,  and  hypersecretion  of  sweat  and  of  sebum.  The  first  visible 
signs  of  general  infection  are  skin  lesions  (maculae,  vesicles,  nodules). 
The  mucous  membranes  of  the  larynx  and  of  the  nose  may  be  early  in- 
fected. 

Three  principal  clinical  forms  are  distinguished:  (1)  nodular,  or  tuber- 
cular, leprosy  (lepra  nodosa),  (2)  nervous,  or  anesthetic,  leprosy  {lepra 
nervorum),  (3)  mixed  leprosy  (lepra  mixta).  There  would  seem  to  be 
no  good  reason  to  set  up  a  paralepra,  analogous  to  paralues,  as  Zambaco 
has  attempted  to  do. 

L    Lepra  nodosa    (L^nra  tuberosa) 

The  characteristic  nodules  appear  in  the  skin,  usually  on  the  extensor 
surfaces  of  the  extremities,  sometimes  symmetrically  arranged;  they  are 
not  rare  on  the  face  and  back.  The  color  is  at  first  carmine  red;  the 
center  gradually  grows  darker,  becoming  brown  or  brownish-red.  The 
hairs  fall  out  and  the  skin  becomes  infiltrated.  The  face  is  usually  involved 
and  ulcers  and  cicatrization  follow,  the  face  assuming  a  peculiar  appearance 
(fades  leontina),  in  which  there  is  loss  of  skin  pigment,  and  loss  of  the  eye- 
brows, eyelashes,  and  beard. 

ii.    Lepra  nervoram 

Here  the  sensory  and  trophic  disturbances  due  to  disease  of  the 
peripheral  nerves  are  most  marked,  but  there  are  also  leprous  changes  in 
the  skin,  mucous  membranes,  and  internal  organs.  The  onset  is  insidious, 
with  erythemas  and  macular  eruptions  (symmetrical).  There  may  be  pains 
or  cutaneous  hyperesthesia  at  first.  The  thickened  nerves  can  be  felt 
through  the  skin  in  both  lepra  nodosa  and  lepra  nervorum,  especially  the 
nervtis  auricularis  magnus  in  the  neck.  I  palpated  this  nerve  in  a  number 
of  lepers  in  the  Philippine  Islands  and  was  surprised  to  find  how  fre- 
quently it  was  thickened.    The  N.  ulnaris  is  also  often  palpable,  but  since 
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this  can  often  be  felt  in  normal  persons,  palpation  of  this  nerve  ia 
less  helpful  in  diagnosis.  Islands  of  anesthesia  develop;  sometimes  the 
anesthesias  are  widespread. 

On  rontgenograpby,  the  trophic  lesions  in  the  bones,  especially  of  the 


Tig.  SI.— Middle  and  Distal  I'baliDgfs  ol  a  Normal  Mogpr  Compari'd  wllh  Tbo>e  of  a  Caie 
of  L«prosy.  Note  In  Dlsriiiod  FiDgcr  BeglDnlog  Absorption  ol  Bulboue  Tip  or  the  Distal 
PhaUni,  and  an  Aswclatpd  Narrowing  at  Sbart.  (After  A.  B.  Uerrlck  and  T.  W. 
Earbart,  Arcb.  Int.  Med.) 

fingers  may  be  pronounced;   in  Tokio,  in  1899,  E.  Hiura  showed  me 
interesting  negatives  illustrating  these  changes. 
iiL    Lepra  mixta 

Most  cases  of  leprosy  are  more  or  less  "mixed,"  but  usually  the  nodular, 
or  nervous,  lesions  markedly  predominate.  In  some  cases,  they  appear  in 
about  equal  numbers. 

Complications  of  Le^osy. — Pyogenic  infections ;  carcinoma. 

Diasnoais. — If  leprosy  be  suspected,  the  signs  are  usually  so  distinct,  or 
the  bacilli  can  be  so  easily  demonstrated  in  the  lesions  (carbol-fuchsin 
method,  or,  better,  Mueli's  modification  of  Gram's  method),  that  doubt 
is  soon  dissipated.     This  is  especially  true  of  the  tuberous  form;  the 
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maciilo-ahesthetic  form  may  give  more  difficulty.  We  should  rule  out 
(1)  syphilis,  (2)  lupus,  (3)  syringomyelia  (Morvan  type),  (4)  sclero- 
derma, and  (5)  Raynaud's  disease.    (See  the  diagnosis  of  these  diseases.) 
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20.    Diseases  Due  to  the  Cholera  Bacillus 

Cholera  Bacillus. — The  Vibrio  cJwlerw  asiaticw,  or  comma  bacillus  of 
Koch  (1883),  is  a  curved  rod,  the  ends  of  which  do  not  lie  in  the  same 
plane.  It  is  motile,  having  a  long,  tortuous  flagellum  at  one  end.  It  does 
Qot  form  spores.     This  bacillus  stains  in  ordinary  dyes  (best  in  con- 
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centrated  aqueous  fuchsin  solution)  ;  it  is  Gram-negative.  Aerobic  cultures 
on  ordinary  alkaline  agar  grow  best  at  37°.  C.  The  bacillus  liquefies 
gelatin  (funnel-formation),  peptonizes  blood  serum  and  forms  indol  in 
pepton  solutions  ("cholera  red  reaction").  The  bacillus  is  extremely 
sensitive  to  dry  heat,  and  to  disinfectants.  Its  virulence  is  variable. 
Rabbits,  injected  in  the  ear  vein,  develop  diarrhea  and  die.  Accidental 
infection  with  pure  cultures  of  cholera  bacilli  have  occurred  in  human 
beings  (laboratory  infection).  Prof.  Pettenkofer  of  Munich,  who  denied 
the  relation  of  the  bacillus  to  the  disease,  intentionally  swallowed  a  cholera 
culture  after  making  the  stomach  juice  alkaline  with  bicarbonate  of  soda. 
He  developed  cholera,  but  recovered.  Prof.  Emmerich  is  also  said  to  have 
swallowed  a  culture,  along  with  an  excess  of  beer,  and  he,  too,  had  a  severe 
attack  of  typical  Asiatic  cholera  as  a  result.     (Plate  IV,  Fig.  3.) 

(a)    Asiatic  Cholera 

Definition. — An  acute  infection  of  the  surface  of  the  intestine,  due  to 
Bacillus  cholerw  asiaticc^  (Koch)  and  characterized  by  violent  purging 
and  speedy  collapse. 

Epidemiology. — The  disease  occurs  (1)  in  great  epidemics  breaking 
out  suddenly  (water-borne  infection),  and  (2)  sporadically  (contact  infec- 
tion; bacillus  carriers). 

Symptoms. — There  may  be  slight  premonitory  symptoms  (diarrhea, 
abdominal  pains,  headache,  malaise)  ;  more  often,  there  is  a  sudden  attack, 
with  vomiting  an<J  profuse  diarrhea ;  the  diarrheal  defecation  is  painless. 

The  discharges,  at  first  feculent,  soon  become  watery,  colorless,  and^ 
odorless — ^the  so-called  rice-water  stools — and  contain  the  comma  bacilli 
in  great  numbers  with  flecks  of  mucus,  detritus  and  sometimes  blood. 
Extreme  prostration  quickly  follows,  with  small  rapid  pulse,  cyanosis,  and 
cold  extremities  (stadium  algidum).  Nothing  can  be  retained  in  the 
stomach ;  there  is  boat-shaped  retraction  of  the  abdomen ;  the  voice  becomes 
feeble  and  hoarse  (vox  chol erica)  ;  the  tissues  are  dehydrated,  the  skin 
being  wTinkled,  dry  and  devoid  of  elasticity,  and  the  urine  scanty  or 
absent.  Cramps  in  the  calves  of  the  legs  develop.  Though  the  extremities 
and  integument  may  feel  cold  to  the  touch  the  rectal  temperature  is  usually 
elevated.     Death  mav  ensue  in  a  few  hours. 

In  milder  cases,  the  symptoms  gradually  decrease,  the  skin  becoming 
warm  and  moist  (stadium  reactionis).  The  kidneys  begin  to  secrete  again, 
the  urine  containing  albumin  and  casts. 

Relapses  are  not  uncommon,  the  extremities  becoming  again  cold  and 
cyanosed,  the  patient  feeble  and  apathetic,  with  renewal  of  the  fever, 
delirium  and  muscular  cramps.  The  diarrhea  and  vomiting  recur,  and  the 
patient  sinks  into  coma  (stadium  comatosum,  or  cholera  typhoid) ,  which 
usually  ends  fatally,  though  occasionally  a  patient  recovers. 

In  the  algid  stage,  the  leukocytes  may  number  over  40,000,  owing 
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to  concentration  of  the  blood ;  during  the  stage  of  reaction,  they  rapidly 
decrease  in  number. 

Sellards  has  shown  that  a  marked  acidosis  accompanies  the  dehydra- 
tion in  cholera,  and  constitutes  one  of  the  dangerous  features  of  the  dis- 
ease. 

When  the  attack  is  not  severe,  but  resembles  an  ordinary  catarrhal 
gastro-enteritis,  even  though  comma  bacilli  are  demonstrable,  the  condition 
is  known  as  cholerine. 

The  average  mortality  in  Asiatic  cholera  is  60  per  cent  to  60  per  cent ; 
the  death-rate  varies  in  different  epidemics. 

Diagnosis. — It  is  all  important  to  recognize  the  first  cases,  which  must 
be  differentiated  from  (1)  cholera  nostras,  or  paratyphoid  infection,  and 
(2)  arsenical  poisoning. 

Where  cholera  is  suspected,  an  expert  bacteriologist  should  make  a 
systematic  examination  of  a  particle  of  mucus  from  the  feces,  or  from  the 
vomitus:  (1)  Microscopically  (many  vibrios  in  smears  stained  in  carbol- 
fuchsin;  motility  in  hanging-drop,  in  peptone  solution)  ;  (2)  By  cultural 
methods  (gelatin  and  agar  plates,  after  enrichment  by  planting  an  oese 
of  the  mucus  in  several  tubes  of  Schottmiiller's  slightly  alkaline,  salt-  and 
nitrite-containing  peptone  solution,  and  incubating  at  37°  C.  for  6  hours, 
when  enormous  numbers  of  vibrios  owing  to  their  affinity  for  oxygen  will 
have  accumulated  near  the  surface  of  the  medium ;  from  this  surface  layer, 
plate  cultures  on  gelatin,  on  agar  and  on  Dieudonne's  blood-alkali  agar 
are  made)  ;  (3)  By  testing  pure  cultures  (a)  for  agglutination  with  im- 
mune serum,  (b)  by  Pfeiffer's  experiment  (q.  v.)  and  (c)  for  the  nitroso- 
indol-reaction  (red  color  on  addition  of  H2SO4  to  the  growth  in  nitrite- 
containing  peptone  water). 

Special  cholera  courses  should  be  given  in  the  bacteriological  labora- 
tories at  the  time  of  cholera  epidemics,  so  that  the  local  health  officers 
can  learn  to  act  promptly  and  with  certainty. 

Prophylaxis. — All  water  used  in  times  of  cholera  should  be  boiled  and 
no  uncooked  food  should  be  eaten.  Great  care  should  be  taken  to  avoid 
dietetic  errors.  Every  digestive  disturbance  should  be  met  promptly  (rest 
in  bed ;  bismuth).  All  suspects  should  be  isolated.  The  drinking  of  acidu- 
lated water  (lime  juice,  citric  acid,  muriatic  acid)  is  recommended. 
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2L    Disease  Due  to  the  Bacillus  of  Milk  Sickness 

BadlluB  of  mik  Sickness. — The  Bacillus  lactomorhi  (Jordan  and  Har- 
ris) was  isolated  from  cases  of  milk  sickness  in  an  epidemic  in  New  Mexico 
(1908),  and  grown  in  pure  culture.  Inoculation  of  animals  with  the 
culture  reproduces  the  disease. 

(a)    Milk  Sickness 

Symptoms. — The  symptoms  consist  of  nausea,  vomiting,  intense  thirst, 
fever,  and  abdominal  pains,  with  constipation.  The  breath  is  foul,  the 
tongue  swollen  and  tremulous ;  mental  symptoms  are  often  marked.  Death 
may  occur  in  from  3  to  21  days. 
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In  cattle,  the  disease  known  as  the  trembles  appears  to  have  th^  same 
etiology.  Man  is  presumably  infected  through  meat,  milk,  butter  or 
cheese. 

Reference 

Jordan  (JS.  O.)  &  Harris  iff.  ilf.).    The  cause  of  mUksicknese  or  trembles  (Bacillus  lac- 

tamorbi).    J.  Am,  M.  Ass.,  Chicago,  1908,  i,  1665-1673, 

22.    Disease  Due  to  the  Bacillus  proteus  vulgaris 

Bacillus  proteus  vulgaris. — This  bacillus  has  been  isolated  from  the 
liver,  and  from  the  kidney,  in  cases  of  acute  infectious  jaundice,  sometimes 
known  as  epidemic  catarrhal  jaundice  or  Weil^s  Disease.  A  similar 
disease  is  often  due  to  infection  with  the  paratyphoid  bacillus.  (See 
Part  VIII.) 


23.    Diseases  Due  to  Bacillus  typhi- 

(a)    Typhus  Fever 

(Typhus  exanthematicus.  Spotted  Fever,  Camp  Fever,  Brill's  Disease) 

Definition. — Typhus  fever  is  an  acute,  specific,  febrile,  infectious  dis- 
ease, with  characteristic  macular,  often  hemorrhagic,  exanthem,  and  ac- 
companied by  severe  nervous  and  mental  symptoms,  occurring  generally 
in  epidemics,  though  occasionally  sporadically ;  it  was  definitely  differen- 
tiated from  typhoid  fever  by  Gerhard  (1829). 

Occurrence. — Formerly  the  disease  was  very  prevalent ;  now  it  is  rare, 
except  in  countries  or  in  communities  in  which  there  are  notoriously 
bad  hygienic  conditions.  In  1815-1818,  the  disease  was  epidemic  in 
England  and  Ireland;  one-eighth  of  the  Irish  population  died  of  it.  In 
1846-1848  over  a  million  people  in  England  suffered  from  the  diseasa 
In  the  Russo-Turkish  war  (1877-78),  no  less  than  32,451  Russian  soldiers 
died  of  typhus  exanthematicus.  The  disease  still  occurs,  occasionally  in 
epidemics,  and  sporadically,  in  different  parts  of  the  United  States  and 
Europe.  Thus  the  fever,  not  uncommon  in  New  York,  and  known  as 
Brill's  disease,  has  been  shown  to  be  typhus  fever  (Anderson  and  Gold- 
berger),  as  has  also  the  tabardillo  of  Mexico.  A  young  scientist.  Dr.  H. 
T.  Ricketts  of  Chicago,  died  from  this  disease,  contracted  while  investi- 
gating it  in  Mexico. 

Etiology. — The  nature  of  the  virus  w^as,  until  recently,  unknown, 
though  it  is  present  in  the  blood  during  the  febrile  stage,  and  can  be 
transmitted,  by  blood  inoculations,  to  monkeys  and  to  guinea-pigs.  The 
virus  does  not  lose  virulence  on  heating  for  15  minutes  at  55°  C.  One 
attack  of  the  disease  appears  to  yield  permanent  immimity. 

Ricketts  and  Wilder  were  the  first  to  show  that  the  disease  could  be 
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transmitted  by  the  bite  of  the  louse.     On  this  diacovery  are  based  all  the 
[ir(i]>liv lactic  measures  tliat  are  now  so  successfully  used. 

The  disease  can  he  transmitted  from  man  to  man  by  the  body-louse 
(Pedkulus  restimenii),  and  by  the  head-louse  {Pedicvlus  capitis),  which 
probably  explains  its  prevalence  in  epidemic  form  in  over-crowded,  filthy 
siirroimdingg  ("camp  fever").  Lousiness,  formerly  common,  is  rapidly 
diaappcarjng;  the  same  is  true  of  typhus  fever.  The  most  cleanly  or 
fastidious  jwrson,  compelled  to  work  in  certain  surroundings,  may  occa- 
(^ioBally  be  bitten  by  lice,  and  if  the  lice  carry  the  virua,  (contract  the 
disease. 

Recently,  Plotz,  Olitaky  and  Baehr  have  reported  tlie  diacovery  of  B.  typhi-eian- 
Ihematici  tie  the  cause  of  typhus  fever.     Tlie  organisra  was  recovered  from  the 
blood  of  several  cases  of  European  epidemic  ,tvphua  fever  and  also  from  cases 
of  the  mild  endemic  form  of  the  disease  known  in  the  United  States  as  Brill's  dis- 
ease.   Moczntkowsld  bad  proved  that  the  virus  is  present  in  the  circnlatiug  blood 
during  the  febrile  period;  he  inoculated 
himself  with  blood  from  a  typhus  patient, 
and  typical  symptoms  of  the  disease  de- 
vfkiped  at  the  end  of  an  incubation  pe- 
riod of  eighteen  days.    Nicolle  (1909),by 
injecting  the  blood  of  patients  into  chim- 
panzees, reproduced  the  disease.    He  was 
able  to  transmit  the  disease  from  monkey 
to  monkey  by  the  bite  of  the  body-louse. 
The  studies  of  Nicolle,  of  Rieketts  and 
Wilder,  and  of  Anderson  and  OoldberR- 
n,  had  shown  that  the  virus  is  non-Hl- 
trable.    Ricketts  and  Wilder  then  point- 
ed ont  that  typhus  fever  is  an  acute,  self- 
limited  disease,  one  attack  of  which  con- 
fas  immunity,  and  they  emphasized  the 
Fact  tliat  these  features  favor  a  bacterial 
ratber  than  a  protozoal  origin. 

Cultures  made  by  aerobic  methods  by 
mgD^'  investigators  have  been  negative. 
Id  1914,  Plotz,  under  Libman's  direction, 
M  isolated  a  bacillus  by  anaerobic 
methods.  He  used  first  Nt^uehi's  meth- 
od for  the  cultivation  of  spirochaetes, but 
later  found  the  Liborius-Veillon  method 
■sore  satisfactory.  Colonies  of  the  bni-il- 
Ids  appear  in  the  tubes  in  from  three  to 
nrteen  days.  "The  oi^niam  is  a  small, 
lileomorphic.  Gram -positive  bacillus,  not 
mntile,  not  encapsulated,  and  not  acid- 
fast.  Its  length  varies  from  0.9  to 
153(1,  its  breadth  being  from  one-fifth 
to  three-fifths  its  length."  It  does  not 
produce  spores.    It  is  an  obligatory  an- 


Ir  85. — (A)  Tub*  Rbowing  r.rowtb  (Seve 
Darn)  of  Bacllliia  Ijphl-pianthpniatk  o 
Hcnim  tlliicuw  Aitar.  NiXi'  Wbltpaldg  s 
M.tlliim  <l>ri'dr>ltBtlonl.  |H>  Conlri. 
Tube  of  Glucone  Sprum  Agar,  (Afte 
PlotE,  Olltsk;  and  Bacbr,   J.  ot   lot.  UlB. 
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aerobe.  The  baeteriemia  is  more  marked  in  the  epidemic  than  in  the  endemic  eases. 
Owing  to  the  slow  development  of  the  colonies  in  the  culture  media,  the  results  of 
the  blood  cultures  are,  as  a  rule,  not  determinable,  until  after  the  end  of  the  illncBS, 
but  it  is  maintained  that  the 
cultnres  are  of  value  for  con- 
firming the  clinical  diagnosis. 
Plotz  reports  that,  in  87.5  per 
cent  of  51  cases  studied,  the 
clinical  diagnosis  was  confirmed 
by  blood  culture,  agglutination 
or  complement-fixation  testa. 
In  two  cases  in  which  the  diag- 
nosis had  been  overlooked,  a 
positive  blood  culture  first 
called  attention  to  the  nature 
of  the  condition. 

It  is  asserted  that  the  dis- 
ease can  be  typically  repro- 
duced in  animals  by  inocula- 
tion with  pure  cultures  of  the 
bacillus,  and  that  from  these 
animals  the  identical  organism 
can  be  recovered  from  the  cir- 
BiB.   86.— BacllluB   t;pb I .emntbematlcl— Gram's   Stain,      dilating  blood. 

X  1,000.     (ACtfr  PlotE,  OlltBkf  and  Barbr,  J.  of  Olitsky,  wbo  made  the  im- 

iDf.  IMb.i  munological  studies,  found  that 

compleme  at -fixing  antibodies  against  the  bacillus  occur  in  typhoa  fever,  and  not  in 
other  conditions.  Specific  agglutinins,  specific  precipitins  and  specific  immune  opso- 
nins are  also  present,  but  specific  bacteriolysins  or  ba^teriocidins  are  not  demon- 
strable. The  results  of  further  studies  upon  this  bacillus  will  be  awaited  with  inter- 
eat.  In  personal  communicatioos  from  Serbia,  I  am  told  that  investigators  there 
have  thus  far  had  dilficulty  in  confirming  the  findii^s  of  Plotz,  Olitsky  and  Baebr. 

Prophylaxis. — This  consists  chiefly  in  a  campaign  against  lice.    If  caa- 
taminated  clothing  be  soaked  in  a  1 :500  solution  of  bichloride  of  mercury, 
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the  lice  and  their  eggs  will  be  destroyed.  After  closely  clipping  the 
patient's  hair,  the  bead  should  be  thoroughly  sponged  in  bichloride  boIu- 
tion  (1 :2,000)  to  destroy  lice  eggs.  The  lice  in  a  bedroom  can  be  killed 
by  sulphur  fumigation.  Doctors  and  nurses  attending  typhus  patients 
should  take  especial  care  to  avoid  louse  bites.  Many  distinguished  mem- 
bers of  both  professions  have  succumbed  to  typhus  fever,  contracted  at 
the  bedside.  According  to  Osier,  "in  a  period  of  25  years  in  Ireland, 
among  1,230  attached  to  in- 
stitutions, 550  died  of  this 
disease." 

Symptonu. — The  incuba- 
tion period  lasts  from  5  to 
20  days,  averaging  12  days. 
The  onset  is  usually  sudden, 
with  chill,  or  chills,  and  fe- 
ver, headache,  severe  pros- 
tration, pain  in  the  back  and 
1^,  tachycardia,  coated 
tongue,  suffusion  of  the  face 
and  eyes,  mental  dullness, 
often  delirium,  and  vomit- 
ing. 

The  ezanthem  appears  on 
the  4tli  and  5th  day,  first  up- 
on the  lower  abdomen  and 
the  shoulders,  later  upon  the 
back,  chest  and  upper  abdo- 
men, and  lastly  upon  the  face 
tad  extremities,  the  whole 
rash  appearing  within  2  or  3 
days;  it  lasts  a  few  days,  in 
the  severer  cases  for  a  week 
or  longer.  The  rasb  consists 
of  pale  red  spots  the  size  of 
a  pin's  head,  or  of  a  pea 
(macular,  not  papular)  ;  in  a 

few  days   it    assumes   a   dirty  Fig,  SS— Typhus  raBnlhoinatkii-',      (Mod,  Sorvlce, 

red  or  copper-colored  tintand  ■*■  "■  "' 

ceases  to  disappear  on  pressure ;  some  of  the  spots  become  definitely  hemor- 
rhagic (petechial).  The  spots  are  often  very  abundant  in  the  inguinal 
regions.  In  addition,  there  is  usually  a  dusky  red,  subcuticular  mottling. 
In  the  cases  known  as  Brill's  disease,  the  rash  may  resemble  the  rose 
spots  of  typhoid  fever,  or  may  be  absent  altogether.  Toward  tlie  close 
of  the  first  week  and  during  the  second  week,  the  symptoms  are  more 
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pronounced,  especially  the  fever,  prostration,  the  delirium  and  stupor. 
Urinary  retention  and  coma-vigil  are  common.  The  tachycardia  and 
tachypnea  are  marked. 

The  fever^  in  contrast  with  that  of  typhoid,  rises  suddenly,  rather  than 
by  steplike  ascent.  The  remissions  during  the  first  week  are  slight 
(about  half  a  degree).  Defervescence  occurs  about  the  end  of  the  second 
or  beginning  of  the  third  week  either  by  crisis,  or  by  rather  rapid  lysis, 
the  fall  being  often  preceded  by  a  critical  perturbation,  or  by  a  pseudo- 
crisis.  Instead  of  the  slow  lytic  fall  seen  in  typhoid  fever,  the  fall  of 
the  temperature  in  typhus  exanthematicus  occurs  within  12-24  hours  to 
subnormal.     Hyperpyrexia  is  not  rare. 

The  blood  usually  shows  a  slight  leukocytosis  (12,000-15,000),  with 
a  relative  increase  in  the  lymphocytes;  in  severe  cases,  anemia  may  de- 
velop rapidly  in  the  later  stages. 

The  spleen  is  occasionally  palpable  at  first,  but  diminishes  in  size  dur- 
ing the  fever.  The  urine  is  scanty  and  contains  a  trace  of  albumin ;  the 
diazo-reaction  is  positive.  Blood  cultures  made  in  the  ordinary  aerobic 
way  and  Widal  reactions  are  negative.  Bronchopneumonia  is  the  com- 
monest complication  met  with. 

Diagnosis. — The  very  sudden  onset,  the  course  of  the  fever  and  of  the 
pulse  and  the  appearance  of  the  exanthem  make  the  diagnosis  easy  at 
times  of  epidemic.     Sporadic  cases  are  often  wrongly  diagnosed. 

The  disease  should  be  differentiated:  (1)  From  typhoid  fever  (posi- 
tive blood  culture  in  the  first  week,  leukopenia,  rose-spots  and  their  dis- 
tribution, palpable  spleen,  dicrotic  pulse,  more  insidious  onset,  longer 
course,  Austrian's  ophthalmic  test).  (2)  From  smallpox  (eruption  dif- 
ferent in  character  with  definite  cycle  of  evolution,  the  distribution  of  the 
initial  exanthem,  the  fall  of  temperature  before  the  outbreak  of  the  main 
exanthem).  In  purpura  variolosa,  the  differentiation  in  a  sporadic  case 
from  typhus  exanthematicus  may  be  impossible,  though  subsequently  the 
corneal  experiment  (q.  v.)  may  reveal  the  true  nature  of  the  case.  (3) 
From  malaria  (intermittent  fever,  parasites  in  the  blood,  leukopenia,  large 
firm  spleen).  (4)  From  relapsing  fever  (blood  examination).  (5)  From 
sepsis  with  hemorrhagic  eruption  (leukocytosis,  cocci  in  .blood  culture, 
primary  focus).  A  most  useful  diagnostic  test  in  doubtful  cases  is  the 
test  of  Anderson  and  Qoldherger  (injection  of  patient's  blood  into  peri- 
toneal cavity  of  guinea-pig;  if  the  disease  be  typhus  exanthematicus,  or 
Brill's  disease,  a  typical  temperature  curve  will  be  obtained). 

From  now  on  anaerobic  cultures  by  Plotz's  method  should  be  under- 
taken when  the  disease  is  suspected  to  exist. 
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C    Diseases  Due  to  the  Coarser  Fungi 

(The  Mycoses) 

Formerly,  only  actinomycosis  and  thrush  were  adequately  described  in 
text-books  of  internal  medicine.  In  recent  years,  a  whole  series  of  dis- 
eases, due  to  different  kinds  of  fungi,  have  become  recognized  and  the 
chapter  on  the  mycoses  is  one  of  the  most  interesting  in  internal  medicina 
It  is  a  worthy  field,  also,  to  work  in,  since  the  early  recognition  of  certain 
forms,  especially  of  the  sporotrichoses,  permits  of  the  rapid  cure  of  a 
disease  that  otherwise  may  be  very  serious.  Many  of  the  mycoses  stand 
in  the  borderland  between  internal  medicine  and  surgery.  Like  so  many 
borderland  diseases,  they  are  apt  to  be  neglected.  For  this  reason,  I  am 
dealing  more  fully  with  them  than  is  perhaps  customary. 

Definition. — The  mycoses  include  a  group  of  external  and  internal  dis- 
eases of  human  beings  and  animals,  due  to  the  coarser  forms  of  parasitic 
fungi,  thus  differing  from  forms  of  infectious  disease  due  to  bacteria 
or  to  protozoa. 

Varieties  of  Mycoses. — ^Among  these  mycoses,  we  include  the  diseases 
due  to  (1)  ordinary  iiyphomycetes  (mucor,  aspergillus,  penicillium, 
achorion,  trichophyton,  etc.),  in  which  a  genuine  mycelium  is  formed  and 
which  propagate  by  spore  formation,  or  by  the  production  of  higher  forms 
of  fructification  organs;  (2)  the  blastomycetes  or  yeast  fungi,  which 
multiply  by  budding  and  by  spore  formation  (saccharomyces,  yeasts),  and 
only  exceptionally  give  rise  to  mycelium  (blastomyces,  oidiomyc^  thrush 
fungi,  etc),  and,  finally,  (3)  the  stbeptothrices,  which  consist  of 
branched  threads,  breaking  up  into  short  rods,  and  propagate  by  fission 
(streptothrix  actinomyces,  streptothrix  of  madura  foot,  nocardia  forms, 
leptothrix,  etc.). 

These  different  varieties  of  the  coarser  fungi  are  not  yet  entirely 
satisfactorily  placed  from  the  botanical  standpoint,  though  the  French  in- 
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vestigators,  especially,  have  gone  far  toward  giving  us  a  purely  hotanical 
classification.  Thus,  in  the  recent  valuable  volume  on  parasitic  diseases 
in  Gilbert  and  Thoinot  separate  chapters  are  devoted  to  ( 1 )  sporotrichoses, 
(2)  botrytimycoses,  (3)  hemisporoses,  (4)  exascoses,  (5)  oidiomycoses, 
(6)  mucormycoses,  (7)  oosporoses,  (8)  aspergilloses,  and  (9)  actino- 
mvcoses. 

Such  a  botanical  classification,  however,  is,  I  fear,  for  practical  pur- 
poses, a  little  premature,  and,  with  Plant,  I  am  inclined  to  adopt  a  simpler 
grouping,  as  follows:  (1)  mycoses  due  to  hyphomycetes,  (2)  mycoses  due 
to  blastomycetes,  (3)  mycoses  due  to  thrush  fungi,  (4)  mycoses  due  to 
sporotrichum  and  related  fungi,  (5)  mycoses  due  to  the  different  varieties 
of  streptothrix  (actinomyces,  madura  foot,  nocardoses,  leptotrichomycosis, 
etc). 
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L    Mycoses  Due  to  the  Hyphomycetes 

Hyphomycetes. — These  are  fungi  that  form  whitish,  greenish,  yellow- 
ish, brownish  or  blackish  deposits  on  organic  substances  like  fruit,  bread, 
carpets,  preserves,  straw,  manure,  etc  Botanically,  these  hyphomycetes  in- 
clude several  species  (e.  g.,  aspergillus,  mucor,  penicillium,  botyris,  achor- 
ion,  tricophyton  and  microsporon).  Many  of  them  are  pathogenic  for  man 
and  for  animals,  the  more  important  belonging  to  aspergillus  and  mucor. 

Aspergillus  belongs  to  the  mycomycetes,  sub-variety,  ascomycetes.  It  is 
an  asexual  form  of  eurotium,  in  which  the  more  complex  form  of  fructifi- 
cation, known  as  ascus  formation,  occurs  also.  The  conidiophore  is  strong, 
and  presents  a  flask-like  swelling  at  its  end,  upon  which  sit  short,  wedge- 
like pedicles,  the  so-called  sterigmata,  in  stellate  arrangement.  From 
these  sterigmata,  the  spores,  or  conidia,  are  pinched  off  in  chains;  the 
color  of  these  varies  according  to  the  variety  (black,  yellow,  etc.).  The 
pathogenic  varieties  include  (a)  Aspergillus  fumigatus^  (b)  Aspergillus 
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niger,  (c)  Aspergillus  flavus,  and  (d)  Aspergillus  nidulans.  Infections 
with  aspergilhis  fiimigatus  are  by  far  the  most  common. 

In  testing  aspergillus  for  its  pathogenicity,. it  is  best  to  use  guinea-pigs 
and  birds.  After  intravenous  injection  of  the  spores,  the  animals  die  in 
from  48  to  72  hours. 

Hucor  belongs  to  the  phycomycetes,  or  algae-fungi.  Its  mycelium  is 
either  free  from  septa,  or  poor  in  septa ;  it  gives  rise  both  to  sexual  and  to 
asexual  spores,  which  form  in  sporangia  that  rest  upon  conidiophores, 
easily  distinguished  from  the  rest  of  the  mycelium  by  their  length  and 
thickness.  During  the  spore  formation,  the  conidiophore  undergoes  club- 
like swelling  at  its  end,  the  septum  immediately  beneath  giving  rise  to 
the  so-called  columella.  The  asexual  spores  are  formed  from  the  proto- 
plasm that  lies  beneath  the  columella  and  the  surface  of  the  club.  The 
whole  structure  is  known  as  a  sporangium.  The  membrane  of  the  spo- 
rangium bursts  when  the  spores  are  ripe  and  they  are  scattered  through 
the  air.  Of  the  pathogenic  forms,  the  commonest  are  (a)  Mucor  corymbifer 
(lung,  ear)  ;  (b)  Mucor  rhis^podiformis,  and  (c)  Mucor  septatus  (ear). 

In  testing  the  pathogenicity  of  a  mucor,  it  is  best  to  use  rabbits  (intra- 
venous injection). 

Penicillium  is  the  commonest  of  all  the  hyphomycetes.  It  is  the  asexual 
form  of  an  ascus-forming  perisporiacea.  Asci,  however,  are  seldom  seen. 
This  fungus  is  distinguished  from  aspergillus  by  the  fact  that  the  conidio- 
phore does  not  undergo  bulbous  enlargement  and  is  subdivided  at  its  apex. 
From  the  tips  of  these  subdivisions,  the  sterigmata  give  oflF  chains  of  spores 
by  budding. 

Pathogenic  varieties  have  been  found  in  the  ear. 

Fungi  Affecting  the  Skin. — Here  belong  ^cAorion  schoenleinii  (favus), 
Trichophyton  in  its  different  forms,  Microsporon  furfur  (of  pityriasis), 
and  Microsporon  minuiissimum  (of  erytlirasma). 
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(a)    Human  Aspergillosis 

The  infection  is  met  with  in  diabetes  and  in  cachexias.  The  fungus  may 
invade  the  skin  (^dermatomycosis),  the  ear  (otomycosis),  the  nose  {rhino- 
mycosis,  the  lungs  (pneumonomycosis  aspergillina) .  A  very  interesting 
case  of  the  pulmonary  form  has  been  described  by  Osier.  Persons  ex- 
posed to  vegetable  dust  (millers,  gardeners)  are  frequently  affected.  In 
France,  the  so-called  pigeon-fancier^ s  disease  or  pseudotuberculosis  asper- 
gillina is  due  to  aspergillus,  the  infected  persons  allowing  the  birds  to  take 
masticated  food  directly  out  of  their  mouths ;  these  birds  often  suffer  from 
spontaneous  aspergillosis.    Hair-sorters  who  comb  out  hair  with  the  use  of 
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meal  containing  fungi,  and  sponge-cleaners,  through  the  dust  from  the  dry 
sponges,  may  also  contract  the  disease. 

Pinta. — ^A  parasitic  skin  affection  found  only  in  the  tropical  regions  of  the 
Western  Hemisphere  and  characterized  by  the  appearance  of  black,  red,  violet,  and 
white  patches  on  the  skin.  These  patches  have  been  shown  to  be  due  to  various 
fmigi,  of  which  Aspergillus  pictor,  Penicillium  montayai^  Montoyella,  and  Monilia 
are  the  best  known.  The  patches  are  usually  first  noted  on  the  hands;  itching 
is  marked;  and  apparently  by  scratching  the  process  is  spread  over  the  body. 
The  diagnosis  can  be  made  from  the  examination  of  scrapings  in  Uquor  potassce; 
and  by  the  cultivation  of  the  fungus  on  Sabouraud's  medium. 
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(b)    Human  Mucormycoses 

Fungi  belonging  to  mueor  have  been  found  in  infections  of  the  limg 
and  of  the  ear ;  also  in  enteritis.  In  one  case  there  was  a  generalization  of 
infection  from  the  intestinal  lesions  with  multiple  abscesses  in  the  brain, 
lungs  and  elsewhere  {Mucor  corymbifer). 
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(c)    Human  Achorion-mycosis  or  Favus 

This  is  a  disease  of  the  hairy  scalp,  due  to  invasion  by  Achorion  schoerir 
leinii.  The  Achorion  schoenleinii  belongs  to  the  hyphomycetes.  It  is 
rich  in  mycelium  and  shows  only  a  few  gonidia.  A  scraping,  treated  with 
XaOH,  examined  under  a  cover-slip  shows  it  well.  Yellowish,  disklike 
scales  (scutula)  having  a  peculiar  earthlike  odor,  and  perforated  in  the 
middle  by  a  hair,  appear.  If  a  scutulum  be  raised,  one  sees  a  red,  moist 
surface  underneath  and  in  chronic  cases  atrophy  of  the  underlying  skin. 
Later,  the  encrusted  areas  enlarge  and  become  confluent,  forming  thick, 
yellow  encrusted  areas.  Suppuration  is  not  uncommon  at  the  edges  of 
the  lesions.  The  hairs  are  involved  early,  becoming  dull,  brittle  and  often 
splitting  or  falling  ont,  so  that  one  may  find  atrophic  almost  hairless  areas, 
with  crust  formation  at  the  borders. 

In  one  case,  reported  by  Kundrath,  there  was  an  intestinal  favus  and 
a  general  favus-sepsis ! 

The  diagnosis  is  made  by  examining  a  scutulum,  in  NaOH,  under  the 
microscope,  and  looking  for  the  typical  fungus.  The  presence  of  this  diflfer- 
entiates  the  disease  from  a  seborrheic  eczema  resembling  it. 
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(d)    Human  Mycoses  Due  to  Trichophyton  tonsurans 

The  Trichophyton  tonsurans  met  with  in  the  human  skin  is  seen  in 
delicate  thread-forms  in  a  mycelium,  with  roundish  or  oval  gonidia, 
arranged  usually  in  chains.  The  threads  are  often  tortuous  and  curved, 
but  rarely  branched. 

Scales,  hairs  and  crusts  containing  the  fungus,  cleared  in  NaOH  or 
KOH,  reveal  it  distinctly,  on  microscopic  examination,  though  sometimes  a 
number  of  specimens  must  be  examined  before  the  fungus  is  found.  It 
causes  several  different  forms  of  disease  in  man. 

L    Superficial  Riii|{wonii    (Trichophytia  snperficialis) 

This  is  an  inflammation  in  the  most  superficial  part  of  the  skin,  due 
to  the  lodging  and  growth  of  Trichophyton  tonsurans  in  the  stratum  cor- 
neum.  It  is  a  dermatitis,  and,  according  to  its  intensity,  gives  rise  to  the 
clinical  pictures  known  as  herpes  tonsurans  maculosquamosus  and  herpes 
tonsurans  vesiculosus.  This  is  the  ordinary  superficial  "ringworm"  of 
non-hairy  parts.    A  sub-variety  is  known  as  pityriasis  rosea  (Gibert). 

ik    Eczematous  Riii|{wonii    (Epidermophytia  cruris) 

The  skin  affection,  variously  known  as  eczema  marginatum,  dhobie 
itch,  and  washerman's  itch,  has  been  shown  to  be  due  to  various  species 
of  Epidermophyton,  This  fungus  varies  somewhat  from  Trichophyton 
in  that  it  never  invades  the  hair  or  hair  follicles.  The  skin  affected  is 
usually  that  of  the  crotch,  or  of  the  axilla,  though  the  process  may  be 
localized  between  the  toes  and  on  the  feet  where  it  gives  rise  to  a  very 
chronic  form  of  dyshydrosis.  It  is  prone  to  attack  parts  of  the  body  rich 
in  glands,  e.  g.,  the  genitals,  scrotum,  crena  ani,  and  axilla.  When  the 
process  is  acute  the  affected  skin  is  red  and  swollen;  the  margin  of  the 
area  is  sharply  delimited  and  may  be  marked  by  many  small  vesicles. 
The  itching  is  extremely  severe.  Subsidence  and  recurrence  of  the  infec- 
tion are  characteristic. 

The  diagnosis  can  readily  be  made  by  cutting  off  the  cap  of  one  of  the 
vesicles  with  a  razor  and  examining  it  microscopically  in  10  per  cent 
KOH  under  a  cover-slip.  The  mycelium  and  spores  are  usually  readily 
made  out.  The  organism  may  be  grown  upon  Sabouraud's  maltose-agar. 
Many  such  cases  of  years'  standing  can  be  readily  cured  if  the  parasitic 
character  of  the  lesion  be  recognized  and  parasiticidal  remedies  applied. 

liL    Barber's  Itch  or  Ringworm  of  the  Hairy  Scalp  and  Beard 

(Trichophytia  tonsurans  capillatii) 

In  this  form,  circles  of  parasitic  invasion  appear  in  the  scalp  or  beard, 
interfering  with  the  growth  of  hair,  and  giving  it  a  "stubbly'^  appear- 
ance, in  contrast  with  the  smooth  circles  devoid  of  hair  in  alopecia  areata. 
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The  hairs  are  not  killed  for  they  will  grow  again  if  the  infection  be 
overcome. 

it.    Vmaatic  Sycoois    (Tricbofhrtu  prafaucU) 

In  this  disease,  the  fungua  penetrates  the  follicles  and  sets  up  a  suppu- 
rating folliculitis  and  perifolliculitis.  Abscesses  of  considerable  size  may 
develop.  In  the  region  of  the  beard  the  disease  is  sometimes  called  sycosis 
parasitaria,  while  on  the  hairy  scalp  it  is  called  kerion  celsi.  The  disease 
gives  rise  to  a  repugnant  sweetish  smell. 

T.    Ringworm  of  the  Nails    (Tricb<vlv(M  mitfuiBDi) 

The  fungus  here  attacks  the  finger-nails.  It  is  must  common  in  those 
who  have  their  nails  well  cared  for  by  manicurists.  It  rarely  occurs 
among  the  farming  population.  The  nails  lose  all  their  gloss,  become 
rough  and  nodular,  and  look  splintered ;  the  lateral  margins  may  be 
elevated.  Shavings  from  the  nails,  treated  with  KOII,  reveal  the  fungus, 
which  differentiates  the  affection  from  trophic  disturbances,  syphilis,  etc. 

Reference 

In:  Syst.  Med.   (AUbult  <t  RoOeaUm). 


(e)    Human  Microaporon  Mycoses 

These  include  (a)  pityriasis  versicolor  and  (b)  erythrasma. 

L    Pityriasis  versicolor 

This  is  due  to  the  fungus  Microaporon  furfur,  which  has  characteristic 
large  gonidia,  in  grapelike  ar- 
rangement. None  of  the  other 
pathogenic  fungi  of  the  skin 
show  such  large  masses  of  fruc- 
tification elements  (Fig.  80). 

A  yellowish,  or  brownish, 
discoloration  of  the  skin  occurs, 
due  to  its  invasion  with  this 
Microsporon  furfur.  It  may 
cover  the  whole  front  of  the 
trunk,  and  is  sometimes  seen  on 
the  arms.  Occasionally,  only 
small  areas  are  affected.  The 
disease  is  accompanied  by  bran- 
like    desquamation,     especially 

when  the  skin  is  neglected.      It  Pig.  SS.-Mlcrosporon  Farfnr  from  a  Scrtplnit 

is  rarely    seen    in   parts   of   the  '"  "t^fiasU  Versicolor.     Ptom  Jeslonek's 

1.  \  ,    \_         ,   ,,  .  Article  In  RIecke's  "Lebrtinch,"  pablUhed 

iun  not  covered   by  clothing.  tj  o.  rucher  jen* ) 


312  DIAGNOSIS   OF   INFECTIOUS   DISEASES 

It  causes  no  subjective  sensation  except,  sometimes,  slight  itching.  It 
occurs  most  often  in  persons  who  sweat  freely  (flannel  underclothing). 
Tuberculous  patients  are  peculiarly  subject  to  it.  It  is  practically  never 
seen  in  children  nor  in  the  aged. 

The  diagnosis  is  easy  from  the  characteristic  appearance,  and  can  be 
confirmed  by  examining  a  scraping  in  KOH  under  the  microscope. 

(0    Erythrasama  (Baerensprung) 

This  is  an  invasion  of  the  skin,  by  the  fungus  Microsporon  minutis- 
simum,  which  looks  like  Microsporon  furfur,  except  that  the  threads  are 
much  smaller  and  more  delicate.  The  spores  consist  of  minute  granules 
lying  in  loose  heaps.  The  sites  of  predilection  in  the  skin  are  the  scrotum, 
Scarpa's  triangle,  the  perineum,  the  folds  between  the  buttocks,  the  infra- 
mammary  region,  and  the  axilla. 

The  infection  gives  rise  to  round,  yellowish-brown  spots,  of  a  reddish 
tint.  These  have  a  pronounced  tendency  to  become  confluent,  giving  rise 
to  areas  as  large  as  a  silver  dollar,  or  even  as  large  as  the  palm  of  the 
hand. 

The  diagnosis  can  be  confirmed  by  examining  a  scraping,  microscopic- 
ally, in  NaOH.  The  disease  should  not  be  confused  with  eczema  margina- 
tum (see  above)  though  this  name  has  sometimes  been  applied  to  it. 

Reference 

V.  Baerensprung  (F,  W*F.).    Die  GUrtelkrankheit,    Annal.  d,Charild-Krankenh.f  Berlin, 

1857,  Bd,  tx,  HJL  2,  40-128, 


2.    Mycoses  Due  to  Yeasts  and  Yeastlike  Fun^i 

The  blastomycetes  or  yeast  fungi  are  round  or  oval,  unicellular,  nucle- 
ated organisms,  which  propagate  by  budding.  A  projection  appears  on 
the  wall  of  a  cell,  and  gradually  grows  larger;  the  daughter-cell  soon 
assumes  the  shape  of  the  mother-cell.  It  then  becomes  pinched  oflF,  or  it 
may  remain  for  a  time  in  connection  with  it. 

Some  varieties  give  rise  to  endogenous  spores  (ascospores).  Others 
do  not  form  spores,  or  have  lost  the  power  to  do  so  ("imperfect  fungi")- 
Among  the  latter,  there  are  varieties  that  form  genuine  mycelia  and 
resemble  morphologically  the  eumycetes;  they  have  been  called  ciypto- 
cocci,  zymonema,  monilia,  oidia,  deraatia,  etc.  In  other  words,  the  term 
blastomycetes  is  an  omnium  gatherum  for  fungi  of  wholly  different  origin, 
propagation  by  budding  alone  being  common  to  them  all.  Botanically, 
the  name  and  the  group  are  very  unsatisfactory,  so  that  the  botanists 
urge  that  we  do  away  entirely  with  the  term  Blastomyces,  and  replace  it 
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by  terms  technically  more  satisfactory.  Thus,  Vuillemin,  a  distinguished 
French  investigator,  instead  of  using  the  term  'Tblastomyooses"  for  the 
diseases  produced  by  these  fungi,  suggests  that  we  call  the  diseases  pro- 
duced by  the  spore-formers  exascoseSy  and  the  diseases  produced  by 
budding  fungi,  like  oidia,  oidiomycoses.  If  the  fungus  turns  out  to  be  a 
variety  of  endomyces,  the  disease  it  causes  is  known  as  an  endomycosis. 
As  Plant  points  out,  however,  such  a  classification,  while  more  correct,  is 
difficult  for  the  clinician  to  apply;  thus,  for  example,  the  same  clinical 
aflFection  (thrush),  when  it  is  produced  by  yeasts  that  form  ascospores, 
would  have  to  be  designated  an  endomycosis,  or  saccharomycosis,  but  if 
produced  by  yeasts  not  forming  such  spores  would  be  called  a  parasac- 
charomycosis  or  moniliomycosis.  If  in  place  of  these  terms  we  use  the 
sfaigle  word  thrush-mycosis,  every  physician  knows  immediately  what  we 
mean. 

It  is  therefore  convenient  for  the  present  to  retain  the  term  blastomy- 
cosis, meaning  by  it  a  disease  caused  by  budding  fungi,  which  as  a  rule 
have  no  mycelium,  and  possess  the  capacity  of  forming  endogenous  spores. 
Mycoses  due  to  similar  fungi  that  produce  mycelium  may  be  called 
oidiomycosis,  if  they  morphologically  resemble  the  well-known  oidium 
laetis.  Should  the  fungi  belong  to  the  thrush-fungus  group,  we  cian 
separate  these  out  as  a  special  group— the  thrush-mycoses,  notwithstand- 
ing the  fact  that  this  group  may  include  different  species  belonging  either 
to  endomyces  or  to  monilia.  When  the  fungi  are  not  closely  related  to 
the  budding  fungi,  but  are  characteristic  in  their  morphology,  we  give  them 
names  based  upon  their  form  (e.  g.,  sporotrichosis,  hemisporosis,  etc.). 

It  may  be  convenient  to  have  the  French  classification  of  this  group  of 
diseases.     That  used  by  de  Beurmann  and  Gougerot  is  as  follows : 

EXASCOSES 

(A)  Saccharomycoses  and  Atelosaccharomycoses. — These  give  rise  to 
the  ordinary  blastomycoses.  In  this  group  belong  monospora,  saccharo- 
myces,  cryptococcus,  and  endomyces.  These  species,  as  a  rule,  do  not  give 
rise  to  mycelium. 

(B)  Parasaccharomycoses, — This  group  of  diseases  stands  between 
those  in  A  and  in  C.    The  fungi  form  mycelia. 

(C)  Zymonematoses  {''Yeast  Threads"). — This  group  includes  the 
oidiomycoses  (e.  g.,  Gilchrist's  disease).  The  fungi  form  mycelia  in 
growths  on  culture  media,  and  multiplication  by  budding  can  be  made  out 
in  the  pus  and  in  the  tissues.     No  endosporulation  is  seen. 

(D)  Parendomycoses. — ^The  fungi  causing  these  diseases  stand  mid- 
way between  C  and  E  in  their  morphological  behavior.  Here  belong  the 
fungi  causing  remarkable  diseases  in  horses  (Tokishige's  disease,  and  the 
epizootic  lymphangitis  of  Rivolta  and  Micellone).     The  fungus  of  the 
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coccidioidal  granuloma  of  the  San  Joaquin  valley  probably  belongs  here; 
in  the  pus,  endosporulation  occurs  but  no  budding  forms  are  seen. 

(E)  Endomycoses. — These  include  the  diseases  due  to  thrush  fungi 
of  the  endomycee  type,  whereas  the  thruah  fungi  of  the  monilia  ^pe 
would,  by  the  French,  be  excluded  from  the  exascoses. 

(a)    The  BUutomycotes  and  Coccidioidal  Granuloma 

These  affections  of  human  beings  and  animals  are  due  to  yeast-like 
organisms  (see  above). 

i    BUstonrcetic  DemuUtis  and  Systemic  Blastomycosia 

Definition  and  Etiology. — Blastomycosis  is  a  disease  due  to  a  budding 
fungus — Cryptococcus  gilchrisiii.    Obtained  from  the  lesions  in  which  it 
occurs,  it  appears  as  a  spherical  cell  surrounded  by  a  refractive  membrane, 
the  diameter  of  the  yeast  varying  between 
ten  and  sixteen  microns.     In  the  pua  one 
often  sees  a  pair  of  cells,  one  larger  and 
one  smaller,  the  smaller  one  having  been 
budded  off  from  the  larger.     The  fungi 
are  often  enclosed  within  the  bodies  of 
phagocytes  (giant  cells).    They  are  easily 
demonstrable  in  fresh  pus  or  fresh  tissne 
by  treatment  with   a   solution  of  caustic 
soda.     No  endosporulation  is  seen  in  tlie 
fimgua  in  tissues  or  in  pus.     The  fungiis 
grows  well  on  acid  media,  but  the  initial 
Fig.  »o.— Sediment  from  Tinaue  Dis-    growth  is  slow,  requiring  from  ten  days 
IntMnlrd  In  SO  per  cent  Alcobol,     .       .  •        r         ji   i^    -..        i        i 

Showing  BiMiomjces  In  v«riou»  *"  ^wo  weeks  for  definite  development, 
sugea  or  Budding.  (A((er  F.  II.  though  after  prolonged  cultivation  it  may 
A^.'^infMed!)  '™'  ''    gTow  out  in  a  few  days.    The  optimal  tem- 

perature for  growth  is  20°  0.  Kabbits 
and  guinea-pigs  are  susceptible  to  infection  with  this  fungus,  but  less  so 
than  for  the  fungus  of  coccidioidal  granuloma  (see  below). 

Forms  of  the  Disflase. — Two  main  forms  have  been  distinguished :  (1) 
blastomycetic  dermatitis  and  (2)  systemic  blastomycosis. 

Blastomycosis  of  the  skin  is  usually  primary.  It  appears  as  an  acne 
like  process,  later  giving  rise  to  ulcers  and  cauliflower  like  excrescences. 
It  often  begins  about  the  nose  or  the  eye,  or  the  side  of  the  neck.  Me- 
tastases in  the  internal  organs  (lungs,  brain,  bone)  are  not  uncommon. 

In  systemic  blastomycosis  the  infection  probably  occurs  by  inhalation, 
as  the  respiratory  tract  seems  to  be  first  infected,  and  the  early  symptoms 
are  referable  to  the  lungs  in  which  signs  of  a  bronchopneumonia  develop. 
Later  the  infection  becomes  generalized,  and  small  or  large  abscesses  occur 
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in  the  skin,  subcutaneous  tissue,  Ijmph  glands,  muscles,  bones,  nervous 
tissues  and  viscera.  The  abscesses  may  range  in  size  from  minute  areas  to 
large  cavities  containing  a  quart  of  pus. 

Symptoms. — In  blastomycetic  dermatitis  pustules  and  local  ulcera- 
tions or  subcutaneous  abscesses  appear  in  the  skin.  The  lesions  are  mul- 
tiple and  may  occur  successively  or  in  crops.  An  ulcer  may  be  primary, 
or  it  may  develop  at  the  site  of  a  ruptured  abscess.   .  The  chronic  ulcers 
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often  present  a  fungoid  appearance,  the  surface  being  nodular  or  papillo- 
matous. Blastomycetea  can  be  found  in  the  pus  by  mounting  a  little  of  it 
fresh  or  by  mixing  some  of  it  with  a  20  per  cent  solution  of  NaOH. 

In  systemic  blastomycosis  the  patients  usually  report  that  their  ill- 
ness began  with  a  cold  or  some  acute  respiratory  infection,  often  with  a 
chill,  pain  in  the  chest,  fever,  shortness  of  breath,  cough  and  expectora- 
tion. Later  on,  characteristic  subcutaneous  abscesses  appear.  In  some 
instances,  no  acute  stage  is  reported,  hut  small  subcutaneous  abscesses  or 
local  ulcerations  of  tlie  skin  first  attract  the  patient's  attention.  Once 
the  disease  is  well  established,  the  symptoms  of  a  chronic  infection  become 
erident.  The  patients  emaciate,  grow  weak,  and  complain  of  pain  in  the 
affected  part;  the  pulse  is  accelerated,  there  is  irregular  fever,  and  occa- 
sionally there  are  chills  and  sweats.  In  most  cases  signs  of  pulmonary 
involvement  are  demonstrable.     Often  the  blastomycetes  can  be  demon- 
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strated  in  the  sputum ;  occasionally  they  can  be  isolated  in  blood  cultures 
or  in  cultures  made  from  the  urinary  sediment.  Pains  in  the  hemes 
and  joints  may  herald  a  localization  in  these  structures.  Paralyses  may 
occur  owing  to  the  presence  of  lesions  in  the  spinel  cord  or  brain.  A  sec- 
ondary anemia  develops,  usually  with  a  marked  leukocytosis,  sometimes 


.  R.  Uontsomei?  lod 

as  high  as  30,000  w.  b.  c,  per  cmm.  In  Stober's  series  the  average  leuko- 
cytosis was  16,800.  When  the  bones  are  involved,  there  may  be  an  irrita- 
tion myelocytosis. 

In  Gilchrist's  form  the  parasite  appears  in  the  tissue  only  as  a  yeast, 
though,  in  cultures,  it  forms  threads  and  conidia,  like  oidium.  With  Dr. 
H,  C.  Buawell,  of  Buffalo,  I  saw  a  remarkable  instance  of  infection  with 
this  organism.  There  were  multiple,  small,  subcutaneous  abscesses  pres- 
ent in  the  pus  from  which  Dr.  Clou^  isolated  the  fungus.     Later  the 
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patient  developed  a  nodule  on  his  tongue,  suggestive  of  carcinoma ;  a  piece 
was  excised  for  diagnosis,  and,  on  examination,  Dr,  Welch  found  that  it 
was  a  granuloma  due  to  the  same  fungus ! 

Diagnosis. — ^When  multiple  subcutaneous  nodules  or  abscesses  appear 
in  a  patient,  some  of  the  pus,  or  a  piece  of  the  tissue,  should  always  be 
examined  in  a  solution  of  NaOH  for  the  fungus.  In  obscure  pulmonary 
infections  and  in  atypical  lesions  of  bones  and  joints,  systemic  blastomy- 
cosis should  be  kept  in  mind  as  a  possibility.  The  diagnosis  is  rendered 
certain  by  the  demonstration  of  the  blastomycetes  in  the  pus,  sputum,  urine, 
or  blood,  or  in  histological  sections  of  infected  tissues  excised  for  diag- 
nostic purposes.  With  such  a  simple  method  at  our  command  there  is 
now  no  excuse  for  not  recognizing  the  disease  when  it  exists.  Fresh 
material  is  far  better  than  stained  preparations,  since  in  the  latter  the 
fungi  are  easily  overlooked. 

Differential  Diagnosis. — ^Blastomycetic  dermatitis  and  systemic  blasto- 
mycosis must  be  differentiated:  (1)  from  coccidioidal  granuloma  (closer 
resemblance  to  tuberculosis;  involvement  of  lymph  nodes  more  common; 
cutaneous  lesions  more  ulcerative ;  disease  fatal  and  not  amenable  to  treat- 
ment with  KI;  fungus  shows  endosporulation  and  not  budding  in  pus 
and  tissues;  initial  growth  of  fungus  in  cultures  more  rapid;  fungus  more 
pathogenic  for  rabbits  and  guinea-pigs) ;  (2)  from  tuberculosis  (cavity 
formation  and  hemoptysis  more  common;  tubercle  bacilli  in  sputum; 
cutaneous  lesions  uncommon,  except  when  lupus  is  present ;  Calmette  re- 
action positive);  (3)  from  syphilis  (Wassermann  reaction;  absence  of 
blastomycetes) ;  (4)  from  sporotrichosis  (q.  v.) ;  (5)  from  epithelioma 
(slower  growth;  greater  induration;  absence  of  fimgus;  histology). 

ii«    GiGcidioidal  Granuloma 

{California  disease;  San  Joaquin  Valley  disease;  Mycoderma  immite) 

Definition  and  Etiology. — A  disease  due  to  a  peculiar  fungus  that 
has  received  various  names  O'idium  protozonide;  Oidium  coccidioide; 
Coccidioides  pyogenes;  Posadasia  esseriforme,  etc. 

The  fungus  was  discovered  by  Wernicke,  in  1892,  in  a  Brazilian  soldier  affected 
with  a  peculiar  cutaneous  lesion.  A  careful  study  of  the  condition  was  made  by 
Posadas,  who  inoculated  animals  with  fragments  of  the  diseased  tissue.  In  the 
lesion,  the  fungus  occurs  in  the  form  of  spherical  cells^  varying  from  3  to  80  mi- 
crons in  diameter,  and  surrounded  by  a  thick  refractive  membrane.  Spores  are 
formed  inside  the  cells  (endosporulation).  In  cultures,  .though  not  in  tissues,  the 
fungus  gro^-s  out  into  mycelial  filaments,  just  as  does  the  blastomycetic  fungus. 
The  initial  growth  is  more  rapid  than  for  blastomycetes,  some  growth  being  noted 
at  the  end  of  twenty-four  hours.  The  optimal  temperature  for  growth  is  37**  C. 
Animal  inoculation  yields  well-defined  endosporulating  organisms.  Budding  forms 
^  not  appear.  Rabbits  and  guinea-pigs  are  susceptible  to  infection,  as  are  also 
monkeys  and  mice.    like  blastomyces  this  coccidioidal  fungus  can  give  rise  either 


318  DIAGNOSIS   OF   INFECTIOUS   DISEASES 

to  an  inflammation  and  ulceration  of  the  skin  (coccidioidal  dermatitis),  or  to  a 
general  systemic  involvement  with  lesions  in  the  lungs,  kidneys,  liver,  spleen,  supiftp 
renal  capsule,  bones  and  jonts  (systemic  coccidioidal  granuloma). 

Symptoms. — As  met  with  in  California,  the  disease  is  nearly  always, 
and  often  rapidly,  fatal.  The  symptoms  closely  resemble  those  of  tubei^ 
culosis.  The  infective  agent  shows  a  greater  predilection  for  the  lym- 
phatic system  than  in  blastomycosis,  and  the  cutaneous  lesions  of  coccidio- 
idal granuloma  tend  to  be  more  ulcerative.  The  iodides,  so  efficacious 
in  blastomycosis,  seem  to  be  without  effect  in  coccidioidal  granuloma. 
The  disease  occurs  most  often  in  males,  and  in  foreigners  living  in  this 
country.    Occasionally,  a  female  is  attacked. 

Diagnosis. — This  depends  upon  the  demonstration  of  the  peculiar 
fungus  in  the  lesion.  Fresh  specimens  treated  with  from  4  per  cent  to 
20  per  cent  NaOH  should  be  examined.  The  absence  of  budding  and 
the  existence  of  endosporulation  distinguish  this  fungus  from  the  blasto- 
myces  (see  above). 

The  frequent  occurrence  of  yeast-like  fungi  in  carcinoma,  and  in  other 
tumors,  has  been  the  subject  of  especial  study  by  Sanfelice ;  for  a  time,  it 
was  thought  that  the  fungi  were  etiologically  related  to  the  neoplasms,  but 
this  view  is  no  longer  held. 
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(b)    Diseases  Due  to  Thrush  Fungi 

I    ThruA 

This  disease  is  described  under  Stomatitis  in  the  section  on  Diseases 
of  the  Digestive  Apparatus. 

The  Thrush  Fungi. — We  have  come  to  learn  that  many  different,  though 
probably  related,  fungi  may  cause  what  is  known,  clinically,  as  thrush. 
Part  of  these  fungi  are  "imperfect  fungi,"  and  cannot  be  classified,  other- 
.wise,  botanically.  Some  forms,  however,  belong  definitely  among  the 
Ascomycetes.  The  most  common  form  met  with  in  the  thrush  of  children 
is  a  thread-fungus,  which  not  only  produces  mycelia,  but  also  multiplies 
by  budding.  It  grows  easily  on  all  nutrient  media,  though  preferably  in 
acid  media  containing  sugar;  it  ferments  sugar  and  will  grow  either 
aerobically  or  anaerobically ;  in  the  presence  of  oxygen,  the  budding  forms 
are  prominent ;  on  exclusion  of  oxygen,  mycelia  with  conidia  develop.  In 
addition  to  the  forms  of  propagation  just  mentioned,  one  sometimes  sees 
chlamydospore  formation,  and  ascospores. 

The  variety  that  forms  true  ascospores  in  the  pseudomembrane  is 
called  Endomyces  albicans.  Still  oftener,  the  disease  is  due  to  MonUia 
Candida  Bonorden;  thrush  is  sometimes  due,  also,  to  a  pure  budding  f  omL 
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Chabacteristics  of  Endomtces  albicans. — In  cultures,  myoelia 
develop,  which  8how  oidinm-formation  at  the  ends;  spherical  chlanijdo- 
sporeB  may  be  eeeu  singly,  or  in  pairs,  at  the  tips  of  the  mycelia.  Endo- 
conidia  are  formed  in  the  mycelia^  and  also  outside  them,  on  the  lateral 


FlK-  9S.— The  Thruab  PaDsqi— M-9e=S[>orm ;  0T-lO2=U7cellum  ;  104-106=ChlBm;doBpor*i ; 
110-ni=ABcr<aporeB.  (After  Vulllemin,  In  11.  C,  Plaut'a  "Spei.  Path.  u.  Tber.  IdD. 
Kninkb.,"  poDllshpd  b;  Urbao  &  SchvaneDbcrg.  Berlin.) 

Burfaee  of  the  mycelium  threads.  The  asci  may  be  located  either  at  the 
tip  of  a  thread,  or  in  its  course ;  they  are  elliptical,  or  oval,  and  contain  4 
spores  in  a  delicate  membrane,  which  quickly  disappears. 

Chabacteristics  of  Moniija  Candida  Bonorden, — Two  varieties 
may  be  distinguished,  a  large-spored  variety,  the  Oidium  albicans  of 
Kobin,  and  a  small-spored  variety,  the  Saccharomyces  nortrliquefaciens  oi 
Fiacher. 
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The  large-spored  variety  is  the  commoner.  It  differs  from  the  Endo- 
mycee  albicans  chiefly  in  the  fact  that  no  asci  are  formed.    In  cu1t;uree,  it 

multiplies  by  budding,  like 

the  yeasts,  but  it  may  grow 
like  mouilia  with  mjce- 
I  i  u  m  formation.  The 
chains  of  conidia  from  the 
sides  of  the  threads  and 
'  from  the  ends  of  the  my- 
celia,  are  prominent  fea- 
tures. Mycelium  forma- 
tion is  favored  by  anae- 
robic conditions,  by  an 
alkaline  medium,  and  by 
scarcity  of  carbohydrate 
in  the  medium;  the  bud- 
ding process  is  favored  by 
a  medium  rich  in  sugar, 
by  an  acid  medium,  and 
by  aerobic  conditions. 
FT*.  94._oidinm  .ibic.n».    (Afwr  N.  D.  j«jc  .Dd  H.  K.  O^  gelatin,  or  on  agar, 

BirrroacbMn,    "AtlM   u.    QruDd.    d.    KIlD.   d    Hlkro-      the    thrUsh    fungUS    grOWS 

«.pi,,"  p.b»,hrt  w  H.  p,,!.,.  wi„ )  auperacially   aa    .    snow- 

white  hemispherical  layer;  in  deep  colonies,  fine  feathery  threads  grow 
out  from  the  periphery. 

For  a  full  accoimt  of  these  different  varieties  of  thrush  fungi,  see 
Plant's  article  in  Kolle  and  Wassermann,  V,  60. 
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3.    Mycoses  Due  to  Sporotrichum  and  Related  Fun^ 

(a)    Sporotrichoses  {Schencl^s  Disease) 

Sporotrichum. — This  is  a  fungus  belonging  to  the  Hyphomycetesj  fam- 
ily, Mucedinacce;  sub-group,  Botrytidce,  and  is  closely  related,  botanic- 
ally,  to  the  fungi  that  cause  favus,  ring-worm  and  pityriasis.  No  less 
than  120  varieties  of  Sporotrichum  are  already  known.  The  fungus  grows 
in  nature  on  rotten  wood,  decaying  plants,  old  walls,  etc.  The  hyphae  are 
branched.     Oval  or  spherical^  conidia  arise  at  the  ends  of  short  sterigmata. 

Historical. — ^This  disease  was  discovered  in  Baltimore.  A  patient,  suffering 
from  a  peculiar  ulceration  of  the  band,  with  induration  of  the  forearm,  applied 
for  treatment  in  the  surgical  out-patient  department  at  the  Johns  Hopkins  Hos- 
pital, in  November,  1896.  It  was  made  the  object  of  especial  study  by  Dr. 
Schenck,  now  the  gynecologist  of  Detroit,  who  isolated,  in  cultures,  a  branching 
fungus,  giving  rise  to  mycehum  and  spores;  it  was  submitted  to  Dr.  Ervin  F. 
Smith  of  Washington,  who  identified  it  and  gave  it  the  name  Sporotrichum 
schenckii.  The  case  was  reported  in  the  Johns  Hopkins  Hospital  Bulletin,  in  1898. 
Two  years  later,  a  careful  study  of  the  same  fungus  from  a  second  case,  was 
reported  by  Hektoen  and  Perkins,  in  the  Journal  of  Experimental  Medicine,  under 
the  title  ''Refractory  Subcutaneous  Abscesses  Caused  by  Sporothrix  schenckiu" 
In  both  cases,  a  nodular  lymphangitis  of  the  arm  had  followed  an  infection  of  the 
finger.  Since  this  discovery,  the  disease  has  been  found  in  various  parts  of  the 
world;  it  seems  to  be  especially  prevalent  in  France. 

In  1903,  de  Beurmann,  of  Paris,  reported  a  number  of  cases  of  sporotrichosis. 
While  the  credit  of  the  discovery  of  the  disease  undoubtedly  belongs  to  American 
observers,  great  credit  is  also  due  to  the  French  physicians,  for  having  shown, 
(1)  the  frequency  of  the  disease,  (2)  its  resemblance  in  many  cases  to  tubercu- 
losis and  to  syphihs,  and  (3)  the  importance  of  separating  it  from  these  diseases, 
since  it  can  be  speedily  and  completely  cured  by  medical  measures,  namely,  by 
large  doses  of  potassium  iodid.  Many  individuals,  falsely  held  to  be  luetic  or 
tuberculous,  have  been  freed  from  their  disease,  in  a  remarkably  short  time, 
through  the  making  of  a  correct  diagnosis  of  sporotrichosis  and  the  institution  of 
an  appropriate  therapy. 

Properties  of  the  Fungus. — The  sporotrichum,  when  examined  in 
the  tissues  affected,  may  lie  either  outside  of  cells,  or  inclosed  within 
macrophages.  It  is  a  rod-shaped,  oblong,  somewhat  granular  body,  3-5  /* 
long  and  2-3  /a  broad.  It  is  surrounded  by  a  pale  membrane,  which  re- 
mains unstained  in  ordinary  dyes,  while  the  protoplasm  is  basophilic  It 
is  very  difficult  to  find  the  fungus  in  the  disease  focus,  so  difficult  that 
there  is  but  little  use  in  looking  for  it  as  a  diagnostic  measure.  It  can, 
however,  be  easily  grown  from  the  lesions,  on  culture  media.  In  cultures, 
it  is  a  genuine  mycelial  fungus,  divided  by  septa;  it  shows  round  or 
oval  ectospores,  which,  pedicellate  or  unpedicellate,  may  form  large 
groups,  or  may  be  seen  singly,  surrounded  by  threads  of  mycelium.    The 
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microscopic  examination  of  the  culture  alone  will  not  suffice  for  diagnosis ; 
one  has  to  rely  upon  the  macroscopic  appearance.     The  growth  begins  as 


r\g.  BS— Sporotrlcbosls  beurmanDl,  Smear  from  Let 
LoDg  and  2-a  «>  Broad.  <Art»r  H.  C.  Plaut.  ' 
llelied  by   Urban  It  SchiraneDboTS,  Iterllo.} 


a  fine  mycelial  star,  colorless,  or  waxy-looking.  As  the  growth  proceeds 
il  forms  a  folded  membrane,  resembling  the  appearance  of  a  walnut,  or 
the  gyri  of  a  cerebral  hemisphere.     Gradually  the  culture  becomes  dis- 


^t.  M.-Sporotrlcbosia.  (A)  Toung  Thr«ad-forminK  and  Sporc-braring  Hjpbae,  <B)  Older 
Il^pbae  wJth  Numrrous  Sporex.  (After  Gougerot,  In  H.  C.  t'laul'a  "Spez.  I'ath.  u.  Ther. 
Inn.  Krapkh.,"  publlnhed  by  Urban  ft  Schwarzenb«rg,  Berlin.) 

tinctly  yellowish-brown  in  color.  Later  on,  the  center  presents  a  blackish, 
fTiBty  appearance,  due  to  spore  formation ;  at  this  time,  the  appearance  of 
tte  culture  is  very  characteristic,  and  suffices  for  diagnosis. 
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Thus  far,  five  distinct  pathogenic  varieties  of  sporotrichum  have  been 
described,  depending  upon  the  optimal  temperature  for  growth,  poly- 
morphism, pathogenicity,  toxin  formation  and  cultural  properties.  The 
details  of  the  differentiation  of  these  different  varieties  will  be  found  in 
the  excellent  article  by  Gougerot  (Die  Sporotrichose,  in  Kolle  and  Was- 
sennann,  2te  Aufl.,  V,  236). 

Symptoms  of  Sporotrichosis. — Any  tissue  of  the  body  may  be  affected, 
though  the  skin  is  mcst  often  involved.  Nodules  like  gummata  appear, 
but  show  a  marked  tendency  to  soften,  and  to 
break  dovra.  These  nodules  may  be  single 
or  multiple.  Sometimes  the  ulcers  resemble 
tuberculous  ulcers,  or  they  may  suggest  ec- 
thyma. Large  subcutaneous  abscesses,  difficult 
to  heal,  were  observed  in  the  cases  described 
by  the  discoverer,  Schenck  and  by  Hektoen  and 
Perkins.  In  some  cases,  papillomalike,  warty 
efflorescences  appear.  The  condition  is  often 
diagnosed  "warty  tuberculosis"  of  the  akin, 
or  as  "gumma."  Most  of  these  cases  are  seen 
first   by    the    dermatologist.      The    intemiBt    is 

Fig.       97.    -    Sporolrlchotlc  i-i     i         i  il  j;  .   ■   l 

Gamma :  Muuipie  FiBtuiac,     more   hkely   to   see   the   cases   of   sporotrichoua 
Separate  bj  Bridges  of     Bore   throat,   or   sporotrichous   affections   of  the 

Non-ulterateiJ  Skin.      (Afl-      i  -    ■     .  i  ■    i       i_       ^i.  ^ 

ar  de  BeurmauD  .ad  Gou-     o^"^'   joints,   and   Synovial  sheaths.      In  some 
gerot.   Id    h.   c.   t'laut's     cases,  the  disease  runs  the  course  of  a  broneho- 

'"Spec.  Path.  u.  Ther,   Inn.  _  ■        ■_      ^u  i  i  u    -j.- 

Krankh.."    pabtiabed    by     poeumonia,  m  others,  of  a  pyelonephritis. 

Urban   A   Scbwanenberg,  Some  of  the  inost  puzzling  cases  are  first  seen 

by  the  surgeon,  and  are  taken  to  be  gummata,  or 
tuberculosis  of  the  hones  or  of  the  joints.  Sporotrichosis  of  the  larynx, 
and  of  the  eye,  are  also  known. 

The  foUowing  characteristics  are  empbaeized  by  Gougerot ;  (1)  niuneroQS 
lesions,  without  marked  impairment  of  the  general  condition;  (2)  banning  in 
the  form  of  painless  nodules,  with  partial  softening,  and  gradual  abscess  forma- 
tion; (3)  jagged  matins  to  the  ulcerations,  violet  color  of  the  margins  of  abscebses, 
pigmentation  and  undermining  of  the  margins  of  ulcers;  (4)  contrast  between 
the  slight  extent  of  the  ulceration  and  the  distribution  of  the  soft«ning;  (5)  pres- 
ence of  several  openings,  or  of  two  ulcers  lying  opposite  one  another  for  one 
infiltrated  area,  and  union  of  the  ulcerated  areas  by  a  narrow  bridge  of  violet 
colored  sldn;  (6)  mucoid  or  citron-yellow  fluid;  (7)  ease  of  auto-inoculations; 
(8)  cold,  indolent  swellings;  (9)  cicatrization,  with  persistence  of  the  abscess 
beneath  the  skin;  (10)  flat,  narrow,  or  broad,  soft  scars,  with  jagged  and  pigmented 
edges.     Lymph  glands  not  enlarged. 

Prognosis. — If  recognized  in  time,  and  a  vigorous  iodin  therapy  insti- 
tuted, the  prognosis  is  favorable. 
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(b)    Other  Mycoses  Resembling  Schenck^s  Sporotriehasis 

Clinical  phenomena,  exactly  like  typical  sporotrichosis,  can  he  due  to 
other  fungi.  Of  these,  several  varieties  are  already  known  {hemisporo&is, 
acremoniosis,  hothrytimycosis,  cladiosis,  etc). 
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4.    Mycoses  Due  to  the  Different  Varieties  of 

Streptothrix 

(The  Sireptotrichoses,  Cladioses,  Nocardoses,  etc.) 

• 

Streptothrix. — This  term  was  originally  used,  hy  Corda,  for  a  micro- 
organism different  from  thaf  to  which  the  name  is  now  applied.  What  is 
now  known  as  streptothrix  was  described  first  hy  F.  Cohn  as  Streptothrix 
foersteri,  and  was  the  name  given  to  a  fungus  first  found  in  the  lachrymal 
duct  On  account  of  the  previous  use  of  the  name  by  Corda,  French 
botanists  prefer  to  use  some  name  other  than  streptothrix  for  the  organism 
we  are  now  considering.  Vuillemin,  for  example,  calls  it  microsipho- 
myces,  and  de  Toni  and  Trevisan  suggest  that  the  whole  class  be  included 
under  the  name  Nocardia,  in  honor  of  the  French  veterinarian  Nocard, 
who  investigated  these  fungi  in  animals.  Accordingly,  in  the  French 
literature  the  diseases  due  to  streptothrix  are  spoken  of  as  nocardoses. 

It  may  be  convenient  to  have  the  classification  followed  by  the  French  and 
Qerman  schools  before  us: 


326 


DIAGNOSIS    OF   INFECTIOUS   DISEASES 


1.  Group. 
Actinomyces. 


2.  Group. 
Mycetoma. 


3.  Group. 
Nocaroia 
Eppinger. 


French  Classification 


'Nocardoees.  Granules 
with  clublikes  well- 
ings. 


'Actinomyces  Harz. 
Actinomyces  bovis. 
Actinomyces  Israeli, 
Ravaut  et  Piney,  Thi- 
.  bergi. 


German  and  American 
Classification 

Typical  actinomycosis. 


Nocardoses,  with        [Actinomyces  Moorhof, 
white  or  yellowish  I  Poncet-Dor,  Hesse, 
granules,  without      |  Garten,  Doepke. 
club  formation.         [ 

^Mycetoma  blanc.  Vincent  Nocardia  Madurs. 


Atypical  actinomycosis. 


actinomycosique 


[Nocardia  asteroides  Eppinger. 


bovis. 
Eppinger. 
Carougeau. 


►Madura  foot. 


a 
u 


u 
a 
a 


a 


4.  Group.    Nocardosis  of  Carougeau. 

5.  Group.    Erysipeloid  of  Roeenbach. 


Var.  Rivieri  I  Pseudoactinomycoses. 
Var.  Japonica  [ Streptotrichomycoses. 
Var.  Ferrei         J 

Discomyoes  Carougeaui. 
Rotlauf  bacilli. 
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(a)    Typical  Actinomycosis  in  Human  Beings 

Streptothrix  actinomyces.  —  The  ray-fungus,  or  Streptothrix  actinomyees, 
occurs  as  a  spore-bearing  mycelium.  In  the  human  body,  peculiar  whitish-yellow 
granules,  or  "glands,"  are  thrown  off.  They  may  be  visible  to  the  naked  eye  in 
sputum,  so-called  "sulphur  granules";  on  microscopic  examination,  flasklike 
enlargements  of  the  threads  may  be  seen  at  the  margin. 

The  fung^  is  not  easy  to  grow  in  culture-media;  out  of  about  60  tubes  inocu- 
lated, one  is  lucky  to  get  4  or  5  cultures.  Some  varieties  grow  aerobically,  others 
anaerobically.  The  best  medium  is  coagulated  blood  serum  to  which  glycerin  has 
been  added;  glucose-bouillon  (1  per  cent),  and  potato,  are  also  satisfactory  media. 

The  fung^  is  common  in  cattle  (Bollinger,  1877),  horses,  goats,  pigs,  and 
sheep.  It  is  the  cause  of  the  "lumpy  jaw"  of  cattle.  In  order  that  human  beings 
may   be  infected,  some   irritating   foreign   body    (barley   grain,  splinter)    must 
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aeeompany  the  germ.  The  fungus  was  found  in  a  disease  of  the  human  spine  by 
Langenbeck  in  1845,  and  the  mycosis  in  human  beings  was  very  exactly  described 
by  J.  Israel  in  1878.  A  good  review  of  the  bibliography  up  to  1911  will  be  found 
in  the  article  by  M.  Schlegel.  The  portal  of  entry  in  human  beings  is  usually  the 
macous  membrane  of  the  mouth,  the  tongue,  or  the  tonsils;  sometimes  the  primary 
focus  is  in  a  carious  tooth. 

Symptoms. — These  are  variable,  according  to  the  portal  of  entry. 

In  ORAL  ACTINOMYCOSIS,  Swelling  of  the  submaxillary  and  of  the 
submental  regions  or  of  the  margin  of  the  gum  appear ;  hard  at  first,  these 
later  undergo  softening,  with  pustule  formation*  Infection  through 
carious  teeth  causes  subperiosteal  growth,  with  swelling  and  tumor 
formation. 

The  subcutaneous  tissue  is  sometimes  involved  (derm-actinomt- 
cosis).  Actinomycosis  of  the  skin  involves  most  often  that  of  the  neck 
and  head,  leading  to  the  formation  of  nodular  masses  that  soften,  ulcerate, 
and  discharge  characteristic  pus.    The  course  is  extremely  chronic. 

In  pulmonary  actinomycosis,  the  infection  may  arise  through  aspi- 
ration of  the  fungus  in  dust,  or,  secondarily,  by  extension  from  the  neck. 
The  yellow  actinomyces  particles  are  coughed  up,  and  appear  in  the 
sputum.  The  inflammation  may  extend  to  the  pleura.  The  symptoms 
include  irregular  fever,  cough,  and  expectoration,  the  clinical  picture 
closely  resembling  that  of  pulmonary  tuberculosis.  The  physical  signs 
may  be  those  of  bronchitis,  of  bronchopneumonia^  or  of  pulmonary  ex- 
cavation. 

Intestinal  actinomycosis  also  occurs,  especially  in  parts  in  which 
there  is  often  fecal  stasis  (cecum,  vermiform  appendix,  colonic  flexures, 
rectum).  It  gives  rise  sometimes  to  diarrhea,  sometimes  to  chronic 
peritonitis,  often  to  symptoms  resembling  chronic  appendicitis.  A  gen- 
eralized actinomycosis,  or  septicemic  form  has  also  been  described. 

Diagnosis  of  Actinomycosis. — The  disease  often  goes  long  unrecognized, 
until  the  characteristic  "sulphur'^  granules  are  found.  Still,  in  the  well 
developed  stage,  the  condition  is  very  characteristic;  the  chronic  inflam- 
mation of  low  grade,  the  insidious  course,  the  slight  discomfort  to  the 
patient  at  the  beginning,  the  combination  of  tough  connective  tissue  masses 
with  softened  areas,  the  fistula-formation  giving  rise  to  a  coarse-sieve-like 
appearance  to  the  skin,  are  striking  features. 

Actinomycosis  must  be  distinguished  in  the  skin:  (1)  from  lupus, 
(2)  from  gumma,  and  (3)  from  tuberculosis;  in  the  tongue,  (4)  from 
carcinoma,  and  (5)  from  hlastomyces;  in  the  lung,  (6)  from  tubercu- 
iosisy  (7)  from  syphilis,  and  (8)  from  neoplasm;  in  the  intestine,  (9) 
from  appendicitis,  and  (10)  from  periproctitis,  etc. 

It  is  well  to  follow  the  advice  of  Poncet  and  Thevenot,  who  suggest 
that  whenever  one  thinks  of  tuberculosis,  cancer,  or  syphilis,  he  should 
also  think  of  the  possibility  of  actinomycosis. 
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If  typical,  club-shaped  swellings  are  not  present,  one  can  try  by  culture 
to  determine  whether  he  is  dealing  with  (1)  a  true  or  typical  actinomy- 
cosis, (2)  an  atypical  actinomycosis,  or  (3)  apseudo-actinomycosis  (actino- 
bacillosis,  or  streptotrichomycosis). 
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(b)    Mycetoma  {Madura  Foot) 

Definition. — A  chronic  infectious  process,  characterized  by  the  forma- 
tion of  multiple  granulomatous  nodules,  beginning  usually  on  the  plantar 
surface  of  the  foot.  The  tumors  soften,  and  sinuses  are  formed  that  can 
often  be  traced  between  the  bones  of  the  enormously  enlarged  and  greatly 
deformed  foot  Characteristic  streptothrix  forms  may  be  found  in  the 
mucopurulent  discharge.  The  disease  is  sometimes  mistaken  for  syphilis 
or  for  sarcoma.  Occasionally,  parts  of  the  body  other  than  the  foot  are 
invaded ;  thus  involvements  of  the  abdomen,  of  the  head,  and  of  the  hand 
are  known.    The  disease  was  first  described,  in  1712,  by  Kampfer. 

The  disease  is  common  in  India,  but  occurs  also  in  Africa,  in  South 
America,  and  in  the  Philippines;  it  has  been  observed  also  in  Italy,  in 
Roumania,  and  in  Greece.  In  India,  Carter  recognized  the  similarity  to 
actinomycosis.  Boyce  and  Surveyor  (1894)  pointed  to  the  clinical  differ- 
ences between  the  two  diseases.  Vincent  (1894)  was  probably  the  first 
to  isolate  a  fungus  in  pure  culture  from  Madura  foot,  but  now  no  less  than 
11  different  fungi  have  been  separated  from  different  forms  of  the  disease; 
6  of  these  are  associated  with  "yellow  granules,"  5  of  them  with  ^Tblack 
granules." 

The  Mycetoma  Fungi. — The  fungi  occur  in  the  pus,  and  in  the  tissues,  either 
as  yellow  granules,  or,  less  commonly,  as  black  or  melanoid  granules,  according 
to  the  variety.  Each  granule  consists  of  masses  of  a  hyaline,  brownish,  brittle 
substance,  which  has  a  matrix,  in  which  is  imbedded  the  mycelium.  The  fungi 
from  yellow  granules  grow  like  streptothrix,  or  Indiella;  those  from  black  granules 
do  not,  but  seem  to  be  forms  of  aspergillus,  and  of  Madurella.  One  of  the  fungi, 
Streptothrix  freeri,  has  been  grown  in  Manila  by  Musgrave  and  Clegg;  successful 
cultures  have  also  been  made  from  Madura  foot  by  J.  H.  Wright  of  Boston. 

• 

Mycetoma  differs  from  actinomyces  in  several  important  respects:  (1) 

it  attacks,  by  preference,  the  foot,  which  is  hardly  ever  attacked  by  actino- 
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myces;  (2)  a  generalization  of  the  fungus  does  not  occur;  (3)  the  course 
is  more  chronic  than  in  actinomycosis,  extending  over  decades;  (4)  spon- 
taneous cure  does  not  occur;  and  (5)  the  iodin  treatment,  so  beneficial  in 
actinomycosis,  is  not  efficacious  in  mycetoma. 
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(c)    The  PseudO'Actinomycoses  or  Streptotrichoniycoaes 

The  lungs,  the  brain,  the  skin,  the  digestive  tract,  and  the  eye  may  be 
invaded  by  streptothrix  forms.  According  to  Foulerton,  of  78  cases  col- 
lected from  the  literature  66.4  per  cent  were  in  men,  34.6  per  cent  in 
women;  51.2  per  cent  of  the  cases  were  primary  in  the  mouth  and  neck, 
25.6  per  cent  in  the  appendix,  18.1  per  cent  in  the  lungs,  and  6.1  per  cent 
in  the  eye,  kidney  or  bladder. 

Lungs. — The  streptotrichomycoses  of  the  lungs  closely  resemble  pulmonary 
tnbereolosis  clinically  and  pathologically.  Thus  S.  Flexner  has  described  the 
process  as  Pseudotuberculosis  hominis  streptotricha.  The  streptothrix  can  be 
found  sometimes  in  the  sputum ;  it  can  be  distinguished  from  the  tubercle  bacillus 
by  the  fact  that  (1)  it  is  longer,  (2)  the  individual  members  of  the  chains  are 
of  equal  length,  while  the  granules  of  tubercle  baciUi  are  irregularly  arrayed,  and 
(3)  the  streptothrix  is  somewhat  less  acid-fast. 

The  streptothrix  shows  branching  forms.  The  varieties  of  pathogenic  strepto- 
triches  and  their  group  relationships  to  other  acid-fast  organisms  have  been  espe- 
cially well  studied  in  this  country  by  Edith  Claypole. 

Digestive  Tract. — Stomatitis,  tonsillar  abscess,  pyorrhea,  noma,  esophagitis, 
enteritis,  and  appendicitis  are  among  the  conditions  in  which  streptothrix  may  be 
found  as  a  causative  agent. 

Skin. — Cutaneous  infections  are  fairly  common,  and  may  give  rise  to  metastatic 
infection  of  the  organs.  In  one  case,  reported  by  Frankel  and  Schottmiiller 
(1912),  in  which  a  laboratory  worker  became  infected  after  a  rat-bite,  a  septic 
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process  developed  and  ended  fatally;  large  colonies  of  streptotbrix  grew  in  plate- 
cultures  made  from  the  blood  during  life. 

Brain. — ^Metastatic  abscess  of  the  brain  may  thus  arise,  and  simulate  tubereu- 
losis.  In  the  well-known  case,  reported  by  Eppinger  (1890),  a  chronic  abscess 
of  the  brain  broke  into  the  ventricle,  and  caused  purulent  meningitis.  At  autopsy, 
foci  were  found  in  the  lungs,  supraclavicular  lymph  glands,  and  in  the  brain; 
aU  of  them  contained  streptothrix-threads,  reported  by  Eppinger  as  a  pathogenic 
cladothrix — Nocardia  asteroides.  The  organism  was  pathogenic  for  rabbits  and 
guinea-pigs  but  not  for  mice.  In  the  experimental  animals,  lesions  like  those  of 
miliary  tuberculosis  were  produced  (pseudotuberculosis).  Similar  strep tothriooses 
have  been  studied  by  Sabrazes  and  Riosere  and  by  Ferr6  and  Faguet. 

Eye. — The  first  streptotbrix  (Streptotbrix  forsteri)  was  obtained  from  the 
lachrymal  duct.  Keratitis  and  conjunctivitis  sometimes  occur,  due  to  the  same 
fungus. 
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id)    Discomyces  Mycoses 

In  the  tropics,  Jeanselme  has  described  a  disease  resembling  somewhat  Madura 
foot  but  not  identical  with  it.  Nodules  of  the  size  of  a  hazel-nut  or  larger  develop 
in  the  subcutaneous  tissue  about  the  large  joints.  It  is  painless,  disturbs  the 
patient  but  little,  but  is  a  protracted  disease.  The  lesions  are  exceedingly  like 
tubercles,  containing  giant-cells  and  undergoing  caseation  in  the  center.  The 
disease  is  due  to  a  discomyces  (Gougerot,  1909;  Fontoynont  and  Carougeaa, 
1910) ;  it  is  sometimes  called  the  nocardosis  of  Carougeau. 
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A.    Diseases  Due  to  Pathogenic  Rliizopoda 

IJnder  this  heading  will  be  described  the  diseases  due  to  pathogenio 
amebae.  The  rhizopoda  are  characterized  by  the  fact  that  they  have  pseu- 
dopodia  but  no  flagella. 

Amebae. — The  amebae  are  cells  usually  somewhat  larger  than  white  blood  oor- 
puscleSy  with  strongly  refractive  protoplasm.  On  a  warm  stage,  they  show  lively 
ameboid  movements.  Often  a  clear  hyaline  ectoplasm  can  be  distinguished  from 
a  granular  endoplasm.  The  protoplasm  contains  vacuoles,  and  sometimes  bacteria 
and  red  blood  corpuscles.  The  nucleus  is  vesicular.  Vegetative  forma  are  distin- 
guished from  the  encysted  forms. 

Amebae  are  difficidt  to  cultivate,  but  cultures  have  been  made  in  symbiosis  with 
bacteria.  Amebae  were  first  seen  in  dysenteric  stools  by  Loesch  (1875),  who  named 
the  organism  Ameha  colu  Kartulis  first  produced  experimental  infection  in  cats. 
Kruse  and  Pasquale  ruled  out  bacteria  as  the  cause  of  the  disease.  Councilman 
and  Lafleur  showed  that  besides  the  pathogenic  Ameba  dysenterice  a  harmless 
ameba  may  be  present  in  the  stools.  This  harmless  Entameba  coli  may  occur  in 
normal  persons,  but  it  is  seen  more  often  in  chronic  diarrhea.  The  pathogenic 
Entameba  histolytica  (Schaudinn,  1903)  is  the  cause  of  amebic  dysentery  and 
of  tropical  hver  abscess.  The  disease  can  be  produced  in  cats  by  experimental 
inoculation  of  the  rectal  mucous  membrane.  Sellards  and  Baetjer  (1914)  have 
kept  the  disease  going  for  more  than  10  passages  through  cats  by  injection  into 
the  large  intestine  after  laparotomy.  In  the  stools,  the  amebae  are  best  looked  for 
in  flecks  of  mucus,  or  blood. 

Yiereck  (1907)  endeavored  to  distinguish  an  additional  species,  Entameba 
tetragena  (nucleus  visible  during  life,  always  spherical,  and  possessing  a  definite 
limiting  membrane;  4  nuclei  in  the  mature  cyst) ;  this  view  was  supported  by 
Hartmann,  but  more  recent  studies  (Craig;  Sellards  and  Baetjer)  indicate  that 
E.  histolytica  (of  East  Asia  and  Egypt)  and  E.  tetragena  (of  Africa  and  S.  Amer- 
ica) may  be  one  and  the  same  species.  In  both  forms,  the  formation  of  chromidia 
and  of  cysts  has  been  carefully  followed. 

In  certain  cases  of  mild  dysentery,  an  actively  motile  flagellate  is  sometimes 
present  which  is  neither  cercomonas  nor  Entameba  histolytica.  An  especial  species 
has  been  described  by  Craig  as  Parameba  hominis  and  afterwards  renamed  by 
others  Craigia  hominis.  Marlowe  has  described  about  thirty  cases  of  craigiasis  in 
Honduras. 


1.    Human  Amebiasis 

Under  this  heading,  we  include  Amebic  Dysentery,  Amebic  Abscess 
of  the  Liver,  and  Amebic  Pyorrhea. 

(a)    Amebic  Dysentery 

Occnrrenoe. — This  disease,  very  common  in  the  tropics,  is  widespread, 
also,  in  the  Southern  United  States.  We  meet  with  it  frequently  in  the 
clinic  in  Baltimore. 

Symptoms. — The  symptoms  are  usually  those  of  a  chronic  dysentery 
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(alternating  periods  of  constipation  and  diarrhea  with  tenesmus ;  mucus 
and  blood  in  the  stools ;  abdominal  pain  and  frequently  symptoms  of  dis- 
turbed digestion).  During  the  exacerbations  of  diarrhea,  there  is  often 
slight  elevation  of  the  temperature,  tachycardia,  colic,  lassitude,  headache, 
prostration,  dry  skin,  and  scanty  urine  and  saliva.  The  general  state  of 
nutrition  is  good,  at  first,  in  contrast  with  that  seen  in  acute  and  subacute 
types  of  the  disease.  Rarely  a  perforative  peritonitis  or  a  hemorrhage 
from  the  bowel  occurs. 

The  disease  is  frequently  overlooked,  simply  from  failure  to  examine 
the  feces,  microscopically,  in  cases  of  chronic  diarrhea.  The  mucus 
accumulated  in  the  "eye"  of  a  rectal  tube  is  particularly  suitable  for 
examination  (warm  stage). 

Some  cases  of  amebiasis  have  an  acute  onset  with  (1)  abdominal  pain, 
often  intense,  (2)  tenesmus  constant  and  severe,  (3)  a  marked  intestinal 
flux  with  very  frequent  evacuations  of  blood  and  mucus,  and  (4)  rarely, 
the  passage  of  large  amounts  of  blood,  or  sloughs  from  ulcers.  There  may 
he  (5)  slight  pyrexia.  There  is  usually  (6)  eosinophilia.  The  prolonged 
diarrhea  may  lead  to  (7)  extreme  emaciation.  Death  may  occur  in  from 
one  week  to  three  months  from  inanition  and  exhaustion.  Some  of  the 
cases  of  this  type  pass  over  into  the  chronic  form  of  the  disease. 

Diagnosis. — This  is  easy,  if  one  thinks  of  the  possibility  of  the  diarrhea 
being  due  to  amebiasis,  and  examines  the  stool  microscopically  for  amebae. 
A  proctoscopic  examination  may  reveal  the  characteristic  undermined 
ulcers  in  the  rectum.  The  therapeutic  test  confirms  the  diagnosis,  for  the 
amebae  quickly  disappear  under  the  use  of  salol  coated  pills  containing 
ipecac  (70  grains  per  day),  or  under  hypodermic  injection  of  emetin 
hydrochlorid  (Rogers).  (For  a  further  description  of  amebae  in  feces, 
see  Part  VIIL) 

(b)    Amebic  Abscess  of  the  Liver 

This  is  conunon  in  hot  countries  (tropical  liver  abscess).  It  is  really 
not  an  abscess,  but  a  widespread  necrosis,  with  softening,  often  without 
marked  leukocytosis.  It  is  one  of  the  most  frequent  complications  of 
amebic  dysentery,  occurring  in  about  20  per  cent  of  the  cases  at  the  Johns 
Hopkins  Hospital. 

The  abscess  may  be  single,  or  multiple.  It  most  often  involves  the 
right  lobe  of  the  liver,  especially  at  its  convexity  (x-ray  examination; 
increase  in  dullness  on  percussion).  The  disease  may  be  entirely  latent; 
more  often  it  is  accompanied  by  irregular  fever,  sweats,  chills,  local  pains, 
and  enlargement  of  the  liver.  Leukocytosis,  15,000-16,000,  with  eosino- 
philia, is  common.  Amebic  abscesses  of  the  liver  sometimes  break  through 
into  the  lung,  and  the  diagnosis  is  first  made  by  finding  amebae  in  the 
anchovy-sauce  sputum,     (See  also  Hepatic  Abscess  in  Part  VIII.) 
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(c)    Amebic  Pyorrhea 

This  disease,  known  also  as  Riggs'  disease,  and  associated  with  the  pres- 
ence of  Entameba  buccalis,  will  be  described  in  Part  VIII  under  Pyorrhea 
alveolaris. 
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B.    Diseases  Due  to  Pathogenic  Masti- 

gophora,  or  Flagellata 

Several  relatively  unimportant  flagellates  are  occasionally  met  with  as 
human  parasites:  (1)  Trichomonas  vaginalis;  (2)  Trichomonas  iniesti- 
nalis;  (3)  Lamblia  intestinalis  (Megastoma  entericum)  ;  (4)  Cercomonas 
hominis). 

Certain  very  important  human  diseases  are,  however,  due  to  the  fol- 
lowing pathogenic  flagellates ;  (6)  Pathogenic  Tri/parjosomt^  (Trypano- 
soma gambiense;  Trypanosoma  rhodesiense;  Schizotrypanum  cruzi)  ;  (6) 
pathogenic  Piroplasmidw  (Leishmania  donovani;  Leichmania  infantum; 
Leishmania  tropica)  ;  (7)  pathogenic  Plasmodidw  (Malaria)^  3  varieties; 
(8)  Spirochceta  obermeieri;  and  (9)  Treponema  pallidum. 

According  to  Hartmann,  the  parasitic  Flagellates  can  be  classified  as  follows: 
Phylum : 

Protozoa. 

Class:  Mastigophora  (=  whip-bearing  organisms). 
Order:  Binucleata. 

1.  Family:  Trypanoplasmidae. 

2.  Family:  Trypansosomidce. 

(a)  Leptomonas. 
(6)  Herpetomonas. 
(c)   Trypanosoma, 
{d)  Schizotrypanum. 
{e)  Endotrypanum. 

3.  Family:  Halteridse. 
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4.  Family:  Leukocytozoid®. 

5.  Family:  HemogregarinadaB. 

6.  Family:  Piroplasmidw. 

(a)  Leishmania. 

(b)  Toxoplasma. 

(c)  Babesia. 

7.  Family:  Plasmodidw. 

(a)  Achromaticiis. 
(6)  Polychromophilus. 

(c)  Proteosoma  (Malaria  of  Birds). 

(d)  Plasmodium  (Human  Malaria). 

1.  Plasm,  vivax  (Tertian). 

2.  Plasm,  malarias  Laveran  (Quartan). 

3.  Plasm,  immaculatum  Grassi-Feletti    (Estivo- 
autumnal). 

8.  Spirochceta  and  Treponema, 

Common  to  these  parasitic  Binucleates  is  (1)  the  complicated  developmental 
cycle,  with  usually  an  asexual  multiplication  (schizogony)  j  and  a  sexual  multipli- 
cation (gametogony) J  and  (2)  the  adaptation  to  life  in  different  species  of  animals. 


1.    Diseases  Due  to  Patho^nic  Trypanosomidae 

(Human  Trypanosomiasis) 

Trypanosomes. — These  parasites  are  Protozoa,  Class  Mastigophora,  Order 
Binucleata,  Family  TrypanosomidaB.  In  man,  three  main  varieties  cause  disease: 
(1)  Trypanosoma  gamhiense,  which  causes  sleeping-sickness;  (2)  Trypanosoma 
rhodesiense,  in  a  variety  of  sleeping-sickness;  (3)  Schizotrypanum  cruzi,  which 
causes  the  thjTeoiditis  parasitaria,  or  Chagas'  disease,  in  Brazil. 

Many  trypanosomes  can  be  tolerably  easily  grown  on  artificial  culture  media 
(Novy  and  McNeal) ;  unfortunately  the  method  is  not  so  successful  with  the  highly 
pathogenic  varieties  as  with  the  nonpathogenic  forms. 

Trypanosoma  gambiense. — This  parasite,  the  cause  of  sleeping  sickness, 
was  described  by  Button  (1901)  in  trypanosome  fever  (attention  having 
been  earlier  called  by  Forde  to  the  presence  of  a  parasite;  it  is  a  small 
(16-30/1*),  fish-shaped  flagellate  provided  with  an  undulating  membrane; 
it  is  found  in  the  Wood  plasma,  where  it  shows  active  motility  and  multi- 
plies by  fission  in  the  long  axis.  It  is  3  times  the  length  of  a  red  blood 
corpuscle.  In  the  middle  of  its  body  is  situated  the  principal  nucleus,  and 
at  the  blunt  end,  a  smaller  nucleus  (blepharoblast) y  whence  a  long  thread 
runs  along  the  body,  helping  to  form  the  undulating  membrane,  and  pass- 
ing beyond  the  sharp  end  of  the  body  as  a  free  flagellum.  Resistant  forms 
and  resting  forms  are  now  being  studied;  they  are  small  round  bodies 
with  two  nuclei,  and  without  flagellum  (Moore  and  Breinle,  1907)  ;  these 
forms  are  infectious  (Fantham).  Chemotherapeutic  experiments  indi- 
cate that  several  races  exist. 
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Mode  of  Infection. — The  parasite  is  transferred  to  man  by  the  bite  of 
one  of  the  tsetse  flies,  Glossina  palpalis  {Diitton  and  Todd)  (Fig.  98), 
which  is  abundant  on  the  banks  of  streams  in  Africa,  and  perhaps  also  bj 
the  bite  of  Glossina  morsitans — by  the  latter  especially  in  high,  dry  places, 
by  the  former  in  low,  damp  regions. 


Tig.  S8.— aiosrina  paliMlls  (Tsetse  Fir).    xB.     (After  DOnlts.) 

The  trypanosomes  taken  up  by  the  fly  undergo  a  cycle  of  development  in 
the  digestive  tract  of  the  insect  (Gray  and  Tnlloeh,  Bruce) ;  sexual  forma  appear 
ud  multiply,  becommg  infective  for  man  about  the  third  day,  and  they  con- 
tinoe  to  be  infective  for  at  least  75  days  (Bruce)',  it  seems  probable  nov,  that 
Uk  fly,  once  infected,  retains  the  capacity  of  transmitting  the  infection  for  the 
mt  of  its  life,  that  is  for  a  year  or  longer.  Only  about  5  per  cent  of  the  flies 
ingesting  trypanosomes  become  infected.  It  is  also  assert«d  that  the  trypanosome 
ean  be  transferred  from  one  human  being  to  another  by  sesual  intercourse  (Koch, 
Endieke) . 

It  has  recently  been  found  that  trypanosomes  give  rise  to  specific  e^lutinins, 
preetpitins,  trypanolysins,  etc.,  and  that  these  substances  can  be  used  for  the 
differentiation  of  varieties  that  closely  resemble  one  another  morphologically 
(Laver&n  and  Mesnil). 

Other  TrTpanosonwa. — A  number  of  different  species  of  trypanosomes 
We  been  distinguished  in  animal  infections  (surra,  dourine,  nagaiia,  etc). 
In  the  Brazilian  trypanosomiasis,  children  suffer  from  thyrotdilis  para- 
^taria  (Pereira)  due  to  infection  with  Schizotrypanum  cruzi  (Chagas), 
tfansraitted  by  the  insect  ConoTrhimix  megislus,  or  Triatoma;  and  in 
Rhodesia  (Stephens  and  Fantham),  in  Nyasaaland  (Bruce),  and  in  Ger- 
•nan  East  Africa  (Taiite),  there  is  a  form  of  trypanosomiasis,  known  as 
Kaodsera,  duo  to    the  Trypanosoma  rkodesiense,  in  which  the  principal 
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nucleus  lies  at  the  posterior  end  of  the  body,  behind  the  blepharoblast;  the 
disease  resembles  that  due  to  T.  gambiense,  and  is  transmitted  by  the  fly 
Olossina  morsitans  (Kinghorn  and  Yorke,  1912),  perhaps  also  by  Glossina 
hrevipalpalis ;  16  per  cent  of  the  antelopes  in  the  district  harbor  the 
parasite. 

(a)    Congo  Trypanosome  Fever  and  Sleeping'Sickne98 

Definition. — A  disease  common  among  the  negroes  in  tropical  Africa, 
known  since  1373,  attacking  also  the  whites,  most  prevalent  in  the  region 
of  the  Congo  and  its  tributaries,  and  due  to  invasion  by  the  Trypanosoma 
gambiense  (Dutton)  (bite  of  the  fly  Glossina  palpalis),     (See  above.) 

In  1903,  at  the  suggestion  of  Bruce,  Castellani  examined  the  cerebrospinal 
fluid  of  negroes  suffering  from  sleeping  sickness  and  found  the  trypanosome  that 
Dutton  had  described  in  trypanosome  fever.  The  disease  can  be  spread  only 
where  the  tsetse  fly  exists;  this  fly  can  live  in  certain  districts  only  (wooded 
banks  of  streams).  The  disease  is  carried  from  one  district  to  another  by  infected 
negroes.  Antelopes,  cattle  and  dogs,  as  well  as  man,  can  harbor  the  Trypanosoma 
gambiense  (Bruce).  It  is  possible  that  crocodiles  also  act  as  carriers  of  this 
trypanosome  (Koch). 

Symptoms. — The  incubation  period  is  believed  to  be  10  to  20  days.  The 
onset  is  gradual  with  fever,  chills,  headache,  and  vomiting,  su^esting  a  mild 
malarial  attack.  Examination  of  the  blood  at  this  stage  may  reveal  the 
presence  of  the  trypanosomes.  The  temperature  falls  in  a  few  days,  after 
which  there  is  a  period  of  well-being  lasting  several  days,  or  weeks,  to  he 
followed  by  a  second  febrile  attack.  Such  alternating  periods  of  fever  and 
apyrexia  may  continue  for  months  (so-called  trypanosome  fevee).  An 
early  and  peculiar  symptom  is  hyperesthesia  of  the  deep  muscles  on 
pressure.  After  a  time,  the  patients  complain  of  headache  and  of  pains 
in  the  extremities,  and  the  cervical  lymph  glands  become  enlarged  but  not 
painful  (Greig  and  Gray).  In  white  people  erythemas  may  come  and 
go.  Edema  of  the  ankles  and  about  the  eyes  and  cheeks  is  not  uncom- 
mon. There  is  no  marked  anemia  at  first,  though  later  in  the  disease  it 
may  be  profound.  The  leukocyte  count  is  low,  with  relative  increase  in 
both  the  large  and  small  mononuclear  elements. 

The  trypanosome  fever,  after  lasting  for  months,  goes  over  into  true 
SLEEPING-SICKNESS  (iuvasiou  of  tho  central  nervous  system  and  the  cere- 
brospinal fluid  by  the  trypanosomes).  The  cerebrospinal  fluid  shows  also 
an  increase  in  globulin-content.  The  patients  become  depressed,  apa- 
thetic^ tremulous;  mental  defects  appear,  and  sometimes  epileptiform 
attacks  develop.  The  patients  become  lethargic  and  somnolent  In  the 
more  advanced  cases,  they  sleep  all  the  time  and  can  scarcely  be  awakened 
for  meals,  some  going  to  sleep  with  food  in  their  mouths.  Emaciation  is 
rapid ;  decubitus  develops ;  and  death  occurs  from  a  complicating  terminal 
streptococcus  sepsis. 
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The  disease  may  last  for  years,  but  appears  to  bo  always  fatal,  once 
the  nervous  system  has  been  invaded. 

Diagnosis. — This  depends  upon  demonstrating  the  presence  of  the  try- 
panosomes  in  the  cervical  glands,  the  blood,  or  the  cerebrospinal  fluid.  In 
the  stage  of  trypanosome  fever  they  may  be  looked  for  in  the  fresh  blood 
slide,  especially  by  the  dark-field  method;  a  "thick-drop"  of  blood  (Ross, 
Ruge)  will,  in  stained  smears,  often  show  the  trypanosomes.  They  are 
not  numerous,  and  should,  therefore,  be  looked  for  repeatedly  in  many  dif- 
ferent preparations  on  successive  days. 

As  soon  as  the  cervical  glands  become  enlarged,  gland  juice  can  be 
obtained  by  hypodermic  puncture,  and  in  this  the  trypanosomes  are  often 
found  (Todd). 

After  the  nervous  system  has  become  invaded,  the  trypanosomes  can 
be  demonstrated  in  the  cerebrospinal  fluid.  This  fluid  shows,  as  a  rule,  in 
sleeping-sickness,  an  enormous  number  of  lymphocytes  (sometimes  1,000- 
1,200  per  cmm.). 

In  the  differential  diagnosis,  the  disease  must  be  distinguished  (1) 
from  malaria,  and  (2)  from  relapsing  fever;  either  of  these  may  compli- 
cate a  trypanosomal  infection. 

F.  W.  Mott  has  kindly  shown  me  specimens  from  the  brain  of  patients 
dead  of  African  sleeping-sickness ;  the  perivascular  infiltration  with  small 
mononuclear  cells  is  very  striking. 

(6)    Rhodesian  Trypanosomiasis    {Kaodzera) 

Definition. — A  disease  prevalent  in  Rhodesia,  similar  to  the  trypanosome  fever 
and  sleeping-sickness  du«  to  Trypanosoma  gamhiense,  but  due  to  a  different  para- 
site, Trypanosoma  rhodesiense  (Stephens  and  Fantbam),  and  showing  certain 
epidemiological  peculiarities. 

Occurrence. — Discovered  in  Rhodesia  (1910),  the  disease  has  also  been  observed 
in  Nyassaland  (Brace),  in  Portuguese  East  Africa,  and  in  German  East  Africa 
(Taute). 

Symptoms. — These  are  similar  to  ordinary  sleeping-sickness,  but  the  disease  is 
more  virulent  and  progresses  more  rapidly.  The  incubation  period  lasts  5-10 
days,  and  the  course  is  rapid,  averaging  4)  months.  The  parasites  are  often 
present  in  large  numbers  in  the  blood.  The  lymph  glands  may  not  be  enlarged. 
The  three  stages  of  the  disease  are  well  described  by  Shircore. 

(c)    Brazilian  Trypanosomiasis    {Chagas*  Disease;  Thyroiditis 

parasitaria;  Careotrypanosis) 

Definition. — An  endemic,  acute  and  chronic  disease  due  to  Schizptrypanum 
CfttH,  occurring  among  children,  in  the  interior  of  Brazil,  apparently  related  to 
the  parasitic  thyroiditis  prevalent  there;  the  parasite  is  introduced  by  the  bite  of 
an  insect  (see  above). 

Symptoms. — In  the  acute  forms,  small  children  under  1  year  are  affected  during 
the  hot  months  (October  to  March).  They  sicken  with  high  fever  and  enlargement 
of  the  lymph  glands,  spleen  and  liver.  Trypanosomes  can  be  demonstrated  in 
the  blood,  for  from  10  to  30  days,  after  onset.     The  thyroid  becomes  enlarged  and 
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signs  of  infantile  myxedema  develop  (skin,  bradycardia).  In  the  sevei:er  eases 
signs  of  meningo-^ncephalitis  develop,  and  the  patients  die,  or,  if  they  reooveri 
suffer  from  organic  nervous  lesions. 

In  the  chronic  forms  it  may  not  be  possible  to  demonstrate  the  parasites  on 
microscopio  examination  of  the  blood,  except  during  exacerbations,  though  they 
can.be  recovered  by  inoculating  a  g^uinea-pig  with  the  blood  of  the  patient  The 
heart  muscle  is  often  invaded. 
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2.    Diseases  Due  to  Varieties  of  Leishmania 

(Human  Leishmaniasis) 

Varieties  of  Leishmania. — These  parasites  are  Protozoa,  class  Masti- 
gophora,  order  Bimicleata,  family  Piroplasmidoe,  species  Leishmania, 
Three  varieties  are  known  to  invade  human  beings:  (1)  Leishmania  done- 
vani,  causing  kala-azar;  (2)  Leishmania  infantum,  causing  infantile  leish- 
maniasis; and  (3)  Leishmania  furunculosa  sive  tropica,  causing  oriental 
sore,  or  cutaneous  leishmaniasis. 

Leishmania  donovani. — This  protozoon  appears  in  the  form  of  small 
ovoid  corpuscles  (2-4  fji)  with  two  characteristic  nuclei,  one  main  nucleus, 
rounded,  the  other,  accessory  nucleus,  oblong  or  rod-shaped  (Plate  VIII, 
Fig.  2).  These  corpuscles  are  usually  enclosed  in  macrophages  (endo- 
thelial cells,  large  mononuclear  leukocytes) ;  they  are  occasionally  seen  in 
polymorphonuclear  neutrophils  and  in  eosinophils  but  never  in  lymphocytes 
or  in  erythrocytes  (Patton). 

They  undergo  bipartite  subdivision  occasionally,  dividing  into  four.  Close  to 
the  accessory  nucleus,  can  sometimes  be  seen  a  rhizoplast,  or  flagellum-root.  In 
isotonic  solutions  of  sodium  citrate,  or  on  McNeal-Novy-Nicolle  agar-medium,  these 
corpuscles  grow  out,  in  a  few  da'ys,  into  small  club-shaped  flagellates  (L.  Rogers, 
1904).  These  parasites  differ  from  trv'panosomes,  in  that  the  flagellum  is  formed 
at  the  posterior  end  directly  from  the  blepharoplast  (accessory  nucleus)  out  of  the 
rhizoplast,  and  no  undulating  membrane  is  formed.  In  nature,  a  similar  develop- 
ment into  flagellates  appears  in  the  intestinal  canal,  in  the  bed-bug,  and  perhaps 
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in  other  insects  (fleas,  flies).  The  parasite  is  pathogenic  for  monkeys  (Row). 
Spontaneous  infection  of  cats  and  dogs  rarely,  if  ever,  occurs  (in  contrast  with 
L.  infantum). 

(a)    Kala'Azar 

(Tropical  Splenomegaly,  Dum-Dum  Fever,  Cachectic  Fever) 

Definition. — A  tropical  disease,  characterized  by  enlargement  of  the 
spleen  and  liver,  progressive  anemia,  and  outspoken  cachexia,  due  to 
invasion  with  Leishmania  donovani  (R.  Ross). 

It  is  common  in  India,  having  been  known  there  since  the  English  observed  it 
in  1869,  but  occurs  also  in  China,  Arabia,  Egypt,  Algiers,  Italy,  Greece,  and 
Portugal.  In  Assam,  over  26  per  cent  of  the  population  is  infected  before  the 
tenth  year,  50  per  cent  or  more  by  the  twentieth  year  ((^larke  and  McNaught;  L. 
Rogers).  The  disease  was  supposed  to  be  a  form  of  malaria  until  Leishman 
(1903)  discovered  the  parasite  in  spleen  cells.  His  observation  was  confirmed  by 
Donovan  and  others,  and  soon  examinations  for  the  parasite  were  used  for  the 
diagnosis  of  clinical  kala-azar  (Bentley,  Christophers,  L.  Rogers).  The  disease 
is  probably  transmitted  by  an  insect,  Clinocoris  rotundatus  (Patton,  1907,  1912), 
or,  possibly,  by  Conorrhinjis  nibrofasciatus  (Donovan). 

Symptoms. — The  incubation  period  lasts  about  20  days,  but  may  be 
longer.  The  disease  is.characterized  by  (1)  splenic  tumor,  the  spleen  often 
extending  to  the  umbilicus;  (2)  irregular  fever  (two  elevations  every  24 
hours);  (3)  progressive  anemia;  and  (4)  an  extraordinary  leukopenia 
(L  Rogers).  In  00  per  cent  of  cases,  there  are  less  than  3,000  W.  B.  C. ; 
in  40  per  cent  less  than  1,000.  Leishman  described  three  stages  of  the 
disease:  (1)  initial  stage;  (2)  febrile  stage  with  splenomegaly;  and  (3) 
cachectic  stage. 

The  course  is  chronic  (6-18  months)  ;  more  acute  and  more  chronic 
forms  also  occur  (3  months;  10  years).  The  mortality  is  about  98  per 
cent  without  treatment ;  with  treatment  it  can  be  reduced  to  70  per  cent. 

Diagnosis. — The  parasites  can  sometimes  be  demonstrated  (Leishman's, 
Wilson's,  or  Giemsa's  stains)  in  the  leukocytes  in  blood  smears;  5-30  are 
present  in  a  smear  from  73.2  per  cent  (Donovan)  to  86.8  per  cent  (Mar- 
shall) of  advanced  cases;  in  one  instance,  Patton  found  1,043  in  a  single 
smear.    Diagnosis  by  the  blood  smear,  however,  is  often  diffit'ult.     It  is 
much  easier  to  demonstrate  the  parasites  in  smears  of  splenic  juice  (dry, 
sterile  syringe !),  but  great  care  should  be  taken  in  splenic  puncture  (q.  v.). 
Some  puncture  the  liver  for  diagnosis,  as  there  is  less  danger  of  hemor- 
rhage.   Others  examine  the  bone-marrow  of  a  rib  or  trephine  the  tibia 
Occasionally,  a  cutaneous  ulcer  is  present,  and  smears  from  it  reveal  the 
parasites.     The  parasites  occur  in  ulcers  of  the  intestine  (Manson  and 
Low);  in  one  instance  they  were  found  in  mucus  in  the  feces  (Rach  and 
Zarfl).    Novy  recommends  blood  cultures  (10  c.c.  blood)  on  N.  N.  N. 
J^r,  for  diagnostic  purposes. 

In  advanced  cases,  the  cachexia,  the  earthy  color,  the  splenomegaly,  and 
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the  enlargement  of  the  liver  are<charBCteristic    In  early  cases,  the  marked 
leukopenia  should  excite  suspicion. 

Diffeirential  Diagnosis. — The  disease  has  to  be  differentiated  (1)  from 
malaria;  (2)  from  Banti's  disease ;  (3)  from  other  forms  of  splenomegaly 
(q.  v.) ;  (4)  from  Malta  fever;  and  (5)  from  typhoid  and  paratyphoid. 
The  important  thing  is  to  think  of  the  possibility  of  kala-azar. 

{b)    Infantile  Kala-Azar  or  Infantile  LeighmanUuta 

The  Leishmania  infantum  of  Nicolle,  vhich  causes  Infantile  kala-azar  of  Tunie, 
Southern  Italy,  and  the  shores  of  the  Mediterranean  Sea  generally,  attacks  chil- 
dren rather  than  adults,  causing  anemia  and  splenomegaly.  Dogs,  cats  and  monkeys 
are  susceptible.  Fleas  (Pulex  irritans,  Pulei  serraticepi)  appear  to  transmit  the 
disease  (Basile,  Visentini).  The  parasite  difEers  somewhat  from  that  of  tJie 
kala-azar  of  adults;  it  grows  much  more  easily  on  N.  N.  N.  agar  (Nicolle).  Dogs 
can  be  infected  experimentally  (Kovy).  Clinically,  there  is  enormous  enlarge- 
ment of  the  spleen,  emaciation  and  cachexia;  there  may  be  severe  diarrhea  at  the 
beginning.  There  is  leukox>enia  and  moderate  anemia  (Jemma,  Cannata,  di  Chris- 
tina). It  is  much  more  difficult  to  find  the  parasites  in  blood  smears  than  in 
kala-asar  of  adults,  though  by  long  search  they  are  found;  Cannata  demonstrated 
them  in  7  out  of  8  cases. 

(e)     Cutaneoua  Leishmaniaaia  or 
Oriental  Sore 

(Leishmaniasis    cutanea,     Bovion 
d'Orient,  Delhi  Boil,  Bouba,  Utah) 

Leishmania  tropica. — This  flagellate, 
discovered  by  J.  Homer  Wright  (1902), 
differs  slightly  from  the  parasitea  of  ka- 
la-azar. KicoUe  first  grew  it  on  N.N.N. 
agar.    It  is  the  cause  of  Delhi  boiL 

The  disease  can  be  transferred  to 
man  by  inoculation  (Dep4rerand  Boinot, 
1884),  and  to  dogs  and  monkeya  (ITio- 
olle  and  Manceauz). 

The  disease  has  been  given  various 
names,  including  Aleppo  ftoii,  Bagdad 
sore,  tropical  sore,  etc.  This  skin  lesion 
is  widely  distributed  throughout  the 
world ;  recently  it  has  been  shown  to  ex- 
ist in  a  severe  form  in  Brazil,  Peru,  and 
Paraguay.  The  lesions  are  often  mul- 
tiple as  in  the  "Espundia"  of  Peru,  the 
"Bouba"  of  Brazil  and  Paraguay,  the 
"Utah"  of  Peru  (Strong,  Tyzzer  and 
Sellards).  Ulcers  on  the  exposed  parts 
of  the  body  appear,  moat  often  at  the 
end  of  summer,  and  in  the  early  antunm 
(insects.).  Sections  and  smears  of  the 
ulcer  show  the  preeenoe  of  Lmknumkt 


PATHOGENIC    MASTIQOPHORA,    OR   FLAGELLATA      345 

tropica.  Occasionally,  the  parasites  can  be  seen  in  the  blood,  or  in  regional  lymph 
glands.  The  disease  is  a  less  virulent  type  of  leishmaniasis  than  the  two  pre- 
ceding varieties^  In  the  South  American  form,  a  severe  buccopharyngeal  local- 
ization is  sometimes  seen.  The  disease  in  South  America  is  often  confused  with 
framboesia  (yaws). 
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3.    Human  Malaria 

Parasites  of  Malaria. — These  plasmodia  lead  their  vegetative  existence 
upon  red  blood  corpuscles.  They  show  an  alternation  of  generations,  the 
ASEXUAL  PBOPAOATioN  (schizogouy)  being  carried  on  in  the  blood  of  the 
intermediate  host  (man),  the  sexual  pkopagation  (gamogony  or  sporog- 
ony)  being  carried  on  in  the  gastro-intestinal  canal  of  the  definitive  host 
(mosquito).  The  malarial  diseases,  as  Laveran  discovered,  are  due  to 
such  parasites  (malarial  parasites),  of  which  there  are  at  least  three 
varieties  (vide  infra).  These  malarial  parasites  belong  to  the  Family 
Plasmodidca,  of  the  Order  Binucleata,  of  the  Class  Mastigophora,  which  is 
one  of  the  great  groups  of  Protozoa  (cf.  Prowazek). 

Life  History  of  Malarial  Parasites. — In  the  accompanying  figure  (Fig.  100), 
the  development  of  these  parasites  is  schematically  illustrated.  According  to  the 
description  given  by  Clans  Schilling,  the  youngest  forms,  or  the  merozoites  (1) 
penetrate  the  red  corpuscles  and  begin  to  grow  there.  In  the  plasmodium,  a 
nutritive  vacuole  soon  appears  which  gives  the  protoplasm  a  ring-shaped  appear- 
ance. As  the  Plasmodia  grow  larger  (2,  3,  4)  pigment  is  formed.  In  the  full- 
grown  parasite,  the  red  corpuscle  may  be  almost  entirely  filled  by  the  plasmodium 
(5).  The  vacuole  disappears;  the  pigment  increases.  The  parasite  is  now  ready 
to  undergo  s^mentation,  the  whole  period  of  growth  requiring,  for  the  tertian 
and  for  the  estivo-autumnal  parasites,  about  48  hours,  and  for  the  quartan 
parasite  about  72  hours.  A  "segmenter'*  (6)  is  a  parasite  undergoing  subdivision 
into  a  large  number  of  merozoites.  In  the  case  of  a  tertian  parasite,  there  are 
15-25  segments;  in  the  quartan  parasite,  6-14,  usually  8;  and  in  the  estivo- 
autunmal  parasite,  8-25.  These  small  merezoites  invade  as  yet  unaffected  red 
corpuscles  (1)  and  the  cycle  (schizogony)  is  gone  through  again.  The  pigment 
is  engulfed  by  phagocytes  and  is  carried  to  the  spleen  and  liver. 

In  addition  to  the  schizontic  forms,  sexual  forms,  or  gametes,  also  appear 
(7, 12).  They  are  distinguishable  from  schizonts  in  that  they  contain  no  vacuoles, 
and  in  that,  even  when  very  small,  they  contain  pigment.  The  male  gametes,  or 
so-called  microgametocytes  (12,  13,  14)  possess  a  rather  homogeneous  protoplasm 
and  abundant  nuclear  material,  in  contrast  with  the  female  gametes,  or  macro- 
gametocytes  (7,  8,  9),  in  which  the  protoplasm  is  granular  and  the  nuclear  material 
less  evident.  These  sexual  forms  grow  more  slowly  than  the  schizonts.  In  the 
estivo-autiunnal  form,  they  assume  the  form  of  "ovals"  and  "crescents." 


PATHOGENIC    MASTIGOPHORA,    OR    FLAGELLATA      347 

The  female  sexual  formB  ( macrogametocytcB)  are  capable  of  undergoing,  with- 
ont  fertilisation,  a  process  of  s^mentation  (11)  following  upon  nuclear  reduction 
(10),  with  formatiou  of  merozoites,  which  again  start  a  new  schizogonic  cycle  (1). 


^-  10O.-Crcle  of  DeTclopm^Dt  of  tbe   Malarial   ParaiiltcK.     (After  C.   SchllllQK,   In  Mohr 
A  Stai'hcllD'K  Itandbuch.) 

19  such  partkenogenetic  reproduction,  by  macrogamctocjies  that  apcounts  for 
™5nt  infeclioHs  with  malaria,  and,  under  certain  circumstancea  relapses  may  be 
iQua  atarted,  especially  in  the  spring  of  tlie  year,  or  on  removal  of  the  patient  from 
"le  climate  to  another.    The  gametes  are  resistant,  latent  forms. 
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Now  it  is  the  gametocytes  (micro  and  macro)  which  start  the  sexual  cycle 
(sporogony)  in  the  gastro-intestinal  canal  of  mosquitoes.  The  Arufpheles  appears 
to  be  the  only  species  of  mosquito  in  which  this  cycle  occurs.  But  not  every 
species  of  Anopheles  acts  as  a  carrier.  Thus  in  India,  it  has  been  found  that 
Anopheles  rossi  is  unimportant,  while  Anopheles  christopheri  is  a  very  important 

host. 

It  is  the  "female  of  the  species"  which  is  concerned.  Biting  a  patient  whose 
blood  contains  male  and  female  gametes,  remarkable  changes  take  place  in  the 
swallowed  blood.  The  microgametoeytes  undergo  what  was  formerly  called 
flagella-formation.  The  pigment  becomes  concentrated,  the  nucleus  divides  into 
8-10  parts,  which  become  arranged  in  the  periphery  of  the  Plasmodium.  Sud- 
denly,  threadlike   projections   emerge   from   the   surface    (so-called  flagella;   in 


B 


Fig.  101.— Mosquitoes.  (A)  Resting  Position  of  Culex  on  Vertical  Surface,  (B)  Resting  Posi- 
tion of  Anopheles  on  Vertical  Surface,  (C)  Diagram  of  Typical  Anopbelina.  (After 
C.  F.  Craig,  "Malarial  Fevers,"  published  by  Wm.  Wood  &  Co.,  N.  Y.) 


reality,  microgametes) .  They  consist  chiefly  of  nuclear  substance  with  a  little 
protoplasm  (16),  are  actively  motile,  and  become  separated  from  the  parent  body, 
which  retains  the  pigment.  They  migrate  as  minute,  snakelike  bodies,  among 
the  red  blood  corpuscles,  until  they  find  a  macrogamete  (9)  that  has  undeigone 
reduction  division  and  is  ready  for  fertilization.  A  minute  spermatozoonlike 
microgamete  penetrates  the  macrogamete  at  an  elevated  spot,  the  so-called  fer- 
tiligation  hillock  (16)  and  fertilization  (anisogamia)  takes  place.  The  fertilized 
macrogamete,  or  zygote,  soon  changes  into  a  wormlike  structure  called  an  ookinete 
(17).  This  casts  off  the  pigment,  penetrates  the  wall  of  the  stomach  of  the 
mosquito,  passing  between  the  epithelial  cells  (18),  and  comes  to  lie  in  the 
outer  wall  of  the  stomach  (19),  where  it  grows  into  a  larger  vesicle  known  as 
an  oocyst  (20).  In  this,  there  gradually  develop  a  large  number  of  extremely 
minute,  spindle-shaped  germs,  each  containing  chromatin  material  (21).  The 
cyst  wall  ruptures  and  the  minute  germs  are  emptied  into  the  body  cavity  of  the 
mosquito  (22).    These  small  sickle-shaped  germs  are  known  as  sporoeoites.    They 


® 

1 


PLATE  V 

Fig  I 


5 


A 


V    i-; 


1 


Rgll 


/T 


1 


G 


® 


8 


Fig.  1. — Parasites  of  Tertian  Fever:   (1)   Young  Hyaline  Forms,  (2)  Beginning  Pigmentation, 

(3)    Full  Grown   Bodies,    (4  and  5)    Segment'ng  Bodies. 
Fig.  2. — Parasites  of  Quartan  Fever:   (1)   Young  Hyaline  Form,   (2  and  3)   Developing  With- 
in  the  Corpuscle,    (4  and  5)    Segmenting   Bodies. 
Fig.   3. — Parasites   of   Aestivo-autumnal    Fever:    (1)    Small    Refractive   Ring  like    Body,    (2) 
I.arger  Disk-like  and  Ameboid  Form.   (3)    Similar  Pigmented  Body,  (4)   Segmenting  Body. 
(5)    Ovoid  Form  Segmenting,    (0)    Segmenting  Parasite,   (7)    Crescent   Form,    (8)    Vacuo- 
lization of  a  Crescent,    (9)    Flagellating  Form.      (After  Thayer  &  Hewetson's  "Malarial 
Fevers  of  Baltimore."  J.  II.  H.  Rep.) 
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now  wander  through  the  body  to  the  salivary  gland  in  the  neck  of  the  mosquito, 
penetrate  the  gland  eeUs,  and  appear  in  large  numbers  in  the  ducts  of  this  gland 
(23).  When  a  mosquito  so  infected  bites  a  human  being,  the  contents  of  the 
salivary  gland  are  injected  into  the  wound,  and  the  human  being  becomes  inoculated 
with  the  sporozoites.  These  enter  the  red  corpuscles  and  start  a  schizogonic 
cycle.  The  alternation  of  generations  is  thus  completed,  the  asexual  cycle  in  the 
human  body  (schizogony),  and  the  sexual  cycle  (gamogony,  or  sporogony)  in  the 
body  of  the  definitive  host,  the  Anopheles  mosquito. 

(a)    Tertian  Malaria 

Plasmodium  vivax  (Grassi  and  Feletti). — This  parasite  is  best  studied 
in  fresh  blood,  and  in  smears  stained  by  Giemsa's  or  Wilson's  stain.  The 
young  forms  appear  as  small  rings,  in  diameter  about  J  that  of  a  white 
blood  corpuscle.  One-half  of  the  ring  is  thicker  than  the  other  (seal-ring 
form),  but  the  red  chromatin  granule  lies  in  the  thinner  half.  At  the  end 
of  24  hours,  the  rings  fill  about  J  of  the  corpuscle  and  contain  dark  brown 
granules  of  pigment.  The  fresh  blood  slide,  at  this  stage,  shows  active 
ameboid  movement  and  vacuolation  of  the  parasite.  The  vacuole  soon 
grows  smaller.  At  the  end  of  48  hours  it  has  disappeared.  The  infected 
red  blood  corpuscle  is  now  markedly  enlarged  (1^  times  its  normal  size), 
the  parasite  containing  actively  dancing,  yellowish-brown,  pigment-gran- 
ules. The  red  corpuscle  shows  a  fine  stippling  of  a  brick-red  color  (Plate 
VII,  rig.  1)  in  well-stained  specimens  (Schiiffner'a  stippling),  not  met 
with  in  other  malarial  infections.  Segmentation  occurs  at  the  end  of  48 
hours,  each  of  the  15-25  segments  containing  nuclear  materiaL    (Plate  VI, 

rig.i.) 

The  gametocytes  contain  no  nutritive  vacuole,  and  are  more  pigmented 
than  the  schizonts.  When  half-grown,  the  male  cells  have  a  clear  proto- 
plasm and  relatively  little  chromatin,  while  the  female  cells  have  a  dark 
granular  protoplasm  and  relatively  little  loose-meshed  chromatin,  When 
fuU-grovm,  they  are  1 J  to  1^  times  the  size  of  a  red  blood  corpuscle. 

(h)    Quartan  Malaria 

Plasmodinm  malarisB  (Grassi  and  Feletti). — During  the  first  24  hours 
of  its  development,  this  parasite  looks  very  much  like  the  tertian  parasite. 
As  it  grows  older,  it  tends  to  form  an  oblong  band  across  the  red  blood 
corpuscle.  The  pigment  is  blacker  than  that  of  the  tertian  parasite,  and 
the  red  blood  corpuscle  in  which  the  parasite  is  contained,  instead  of 
enlarging,  contracts  somewhat,  is  crenated,  and  has  a  brassy  color.  The 
quartan  parasite  is  less  ameboid  than  the  tertian,  and  soon  loses  its  nutri- 
tive vacuole.  On  segmentation,  it  gives  rise  to  only  6-12  merozoites,  which 
arrange  themselves  in  rosette-form  around  a  pigmented  center.  At  60 
hours,  the  quartan  parasite  is  about  the  pize  of  a  red  blood  corpuscle.  Seg- 
mentation occurs  at  the  end  of  72  hours.     (Plate  VI,  Fig.  2.) 
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(c)    Estivo-autumnal  Malaria 

(Tropical  Malaria,  Pernicious  Malaria) 

Plasmodium  immaculatum  sive  precox  (Grassi  and  Feletti). — This 
differs  from  the  parasite  of  tertian  and  quartan  malaria,  even  in  its  young- 
est stages.  The  protoplasm  forms  an  extremely  delicate  ring,  and  two  or 
more  parasites  may  be  seen  in  a  single  red  blood  corpuscle.  At  the  end  of 
40  hours,  the  ring  is  still  delicate,  and  has  a  diameter  f  that  of  a  red  blood 
corpuscle ;  one-half  of  the  ring  is  broader  than  the  other,  the  thinner  half 
containing  one  or  two  nuclear  particles.  The  pigment  is  extremely  fine, 
and  is  scattered,  in  the  form  of  dust,  throughout  the  protoplasm  of  the 
parasite.  The  parasites  are  now  largely  withdrawn  from  the  peripheral 
blood,  the  further  development  going  on  in  the  internal  organs  (spleen, 
bone-marrow).  At  the  end  of  about  48  hours,  segmentation  occurs  (8-25 
merozoites).  It  is  in  this  type  of  malaria  that  crescents  and  oval  forms 
are  not  infrequently  seen  in  the  blood.     (Plate  VI,  Fig.  3.) 

The  infected  cprpuscles  in  estivo-autumnal  cases  are'  contracted  ( in 
contrast  with  what  happens  in  tertian  malaria),  and  assume  a  dark-yellow, 
brassy  color.  Stained  intensely  with  Maurer's  modification  of  the  Roman- 
owsky  stain,  the  infected  corpuscles  exhibit  dark,  violet-red,  irregular- 
shaped  spots  of  variable  size  (Maurer's  spots,  pernicious  spots). 

Epidemiology  of  Malaria. — Wherever  malaria  appears,  an  infected 
human  being,  or  an  infected  mosquito,  must  have  introduced  it.  Human 
beings  with  latent  infection  carry  the  parasites  of  the  disease  through 
the  winter.  In  spring,  an  attack  of  malaria  may  occur,  owing  to  partheno- 
genetic  reproduction  by  a  macrogamete.  Anopheles  mosquitoes  bite  the 
patient,  swallow  blood  containing  gametes,  and  the  spring  crop  of  mos- 
quitoes becomes  infected.  For  the  gamogenous  cycle  to  develop  in  the 
mosquito,  external  temperatures  above  17^  C.  are  necessary;  the  optimal 
temperature  lies  between  20°  and  30°  C.  (68^-86°  F.).  Malaria  does  not 
occur  in  latitudes  farther  north  than  60°,  nor  farther  south  than  40°. 

The  Anopheles  multiplies  in  stagnant  water  (ditches,  ponds,  casks,  tin 
cans,  etc.),  not  in  larger  bodies  of  .water,  nor  in  running  streams  nor  above 
a  height  of  5,000  feet.  The  parasites  of  human  malaria,  and  of  the  Anoph- 
eles mosquito  do  not,  so  far  as  is  known,  infect  other  animals.  The  ma- 
larial parasites  of  birds,  monkeys,  horses  and  cattle  are  of  entirely  differ- 
ent species. 

Where  there  is  no  Anopheles,  there  is  no  malaria  (excepting  imported 
cases).  Thus  in  Barbadoes,  the  disease  does  not  occur;  there  are  no 
Anopheles  mosquitoes  there,  probably  owing  to  destruction  of  the  larvae 
by  a  minnow  known  as  Baricudos  (Phoxinno). 

In  malarial  countries,  there  are  strange,  unexplained  epidemics  of 
very  fatal  malaria.    Thus  in  India,  in  1908,  there  were  100  million  cases 
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of  malaria,  with  2  iiiillion  deaths,  at  least  double  tlie  yearly  average.  Dr. 
£dwin  C.  Cort  tells  me  that  he  has  observed  similar  fatal  epidemics  in 
Xortliern  Siam. 

Symptoms. — The  incubation  jieriod  lasts  from  1  to  3  weeks.    The  onset 
is  sudden,  after  slight  premonitory  symptoms,  with  severe  cmix,  chatter- 


ing of  the  teeth,  headache,  palpitation,  cyanosis,  goose-skin,  livid  nails, 
sometimes  nausea  and  vomiting,  small,  frequent  hard  pulse,  and  rapid  rise 
of  temperature,  often  to  105°  or  106°  F.     The  chill  lasts  for  from  1  to  3 
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hours.  The  feeling  of  cold  then  gives  way  to  a  feeling  of  burning  heat 
(2  to  4  hours),  during  which  the  face  is  red,  the  skin  hot  and  drj,  the  rea- 
piration  rapid  and  superficial,  the  pulse  large  and  soft.  The  patient  is 
restless,  thirsty,  nauseated,  complains  of  headache,  and  perhaps  is  slightly 


Fig.  103.— Two-Hoarlr  Chart  ot  Tertlku  Ualsrla. 


delirious ;  after  this  the  temperature  falls  suddenly  to  normal  or  subnormal, 
and  the  patient  breaks  out  info  a  profuse  sweat.  Such  an  attack  (malarial 
paroxysm)  lasts  altogether  from  7  to  10  hours,  and  corresponds  to  the 
time  of  maturation  and  segmentation  of  a  generation  of  parasites  in  the 
blood.    After  the  sweating,  say  from  12  to  18  hours  after  the  onset  of  the 
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attack,  the  patient  is  greatly  relieved  and  says  tbat  he  feela  well  agaiu, 
though  he  may  be  weak. 

In  a  single  infection  with  tertian  vialaria,  a  generation  ripens  every 
3rd  day  (tertian  fever).  In  a  single  infection  with  quartan  malaria,  a. 
generation  ripens  every  4th  day  (qdabtan  feveb).     Id  single  infections 


ng.   104. — Two-Honrlj  Chart.     Double  Tertian   Halaria. 


with  the  estivo-autumTial  malaria,  the  attacks  usually  occur  every  3rd  day. 
In  double  tertian  or  triple  quartan  infections,  a  generation  of  parasites  may 
mature  daily  (quotidian  fevek).  In  estivo-autiimna]  fever,  there  are 
often  many  generations  of  parasites  so  tliat  some  segmentation  is  going  on 
aD  the  time  (coNTinnous  malarial  fevek)  ;  in  the  latter  instance,  the 
course  of  the  fever  may  resemble  that  of  typhoid.  Chills  are  often  absent, 
the  paroxysms  of  fever  are  longer  than  in  tertian  fever,  lasting  usually 
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over  20  hours,  frequently  with  a  more  gradual  ascent  and  descent  of  the 
temperature  than  in  the  other  forms. 

The  spleen  soon  becomes  palpable  aud  increases  in  size  if  the  attacks 
continue.     The  lii>er  is  sometimes  enlarged.     Herpes  labialis  is  common, 


FIk-  105. — Quart 


as  is  also  miliaria  crystallina.  Leittopenia  is  constant,  except  during  the 
paroxysm,  when  tlicre  is  sometimes  a  slight  leukocytosis.  In  latent  infec- 
tions, neuralgia  may  be  a  symptom. 

In  estivo-autumnal  fever  of  the  persiciods  type,  severe  and  ofteu 
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fatal  cerebral  ayinptoms  (malana  cerebri)  or  intestinal  symptoniB  (choleri- 
form  malaria)  may  occur,  due  to  tbromlwBis  of  capillaries  with  enormous 
numbers  of  infected  red  corpuscles. 

In  long  continued  malaria  the  Bo-called  mai^biaii  cachexia  may 
develop  (grave  anemia,  pigmented  skin,  edema,  enlarged  firm  epleen  or 
"ague-cake,"  hemorrhagic  diathesis,  secondary  infections).  ■ 


Fig.  106. — Two-llourlf  Cbatt  Quartan  Malaria. 


Diagnosis  of  Malaria. — This  is  easy,  if  malaria  be  thought  of  and  the 
blood  be  searched  for  parasites  (fresh,  and  stained,  specimens).  The 
leukopenia  helps  to  rule  out  ulcerative  endocarditis  and  other  septic  proc- 
esses, accompanied  by  intermittent  fever.  In  the  differential  diagnosis,  a 
negative  blood  culture  helps  to  rule  out  typhoid  fever.  The  "therapeutic 
tef  with  quinin  rules  out  fevers  other  than  those  of  malarial  origin.  The 
absenfie  of  early  jaundice,  the  presence  of  marked  splenic  enlargement,  and 
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the  parasites  in  the  blood  rule  out  yellow  fever.  Dy-sentery,  ncphritiB,  and 
in  the  tropics,  sleeping-sickness,  and  relapsing  fever  may  have  to  be  con- 
sidered in  the  differential  diagnosis.     In  the  United  States  the  irregular 


FIf.  108,~EBtlTo- Autumnal  Maltrla. 


fever  of  tuberculosis  is  often  supposed  by  patients,  and  even  by  physicians, 
to  be  malarial  I  The  fever  of  syphilis  is  sometimes  confused  with  malarial 
fever. 

Black-water  fever  is  a  malarial  fever,  associated  with  hemoglobinuria, 
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and  depending  upon  a  hemolytic  process,  the  exact  nature  of  wliich  is  at 
present  obscure.  (See  Diseases  of  the  Blood.)  Some  have  thought  that 
quinin  plays  a  part  in  giving  rise  to  the  hemolysin.      (See  Part  VII,) 

Considerable  expekience  in  esamihino  blood  is  necesaarj  for  pro- 
ficiency in  malarial  diagnosis.    Unskilled  observers  often  report  a  positive 


PIk.  109.— QiiatldlaD  Malaria.     (I)outle  Tertian.) 

finding  when  no  parasites  are  present,  and  they  often  overlook  parasites 
when  they  are  actually  there.  Occasionally,  when  no  parasites  are  found, 
the  presence  of  pigment-containing  leukocytes  identifies  the  nature  of  the 
infection. 
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Flf.   110.— TempeTatnre   Chart   of   HalKrlal   Vtttr.     (RstlvivAatllnmal    Fonr-Hoarlr   Cbatt.) 
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4.    Relapsing  Fever 

(Fehri!<  recun'eiin) 

Spirocbieta  obermfiieri. — In  relapsing  fever,  a  fla^ltat«  of  B]>irochaeta  form, 
was  first  discovered  by  Obermeier 
(1868).  Uis  publication  on  the  sub- 
ject (1873)  was  the  first  report  demon- 
etrating  the  presence  of  a  patht^enic 
micTDoi-ganiam  in  human  beings. 

The  Spirochceta  obernteieri  is  a 
Mirkscrew-Bhaped  spirochaete  (1040  p, 
long),  which  undergoes  screwlike 
movements  in  the  infected  blood,  shov- 
ing the  corpuscles  about  in  the  fresh 
preparation.  The  spiroehaetes  can  be 
kept  alive  in  blood  serum  for  over  100 
days.  The  disease  can  be  transferred 
from  man  to  monkeys,  and  from  mon- 
keys to  rats  and  mice. 

In  Ihe  relapsing  fever  of  different 
coDDtries,  somewhat  different  varieties 
of  spirochaetae  have  been  found;  thua 
Uie  European  relapsing  fever  is  due 
to  Spirochceta  obermeieri,  the  African 
to  Spiroeho'ta  duttoni,  the  American 
to  Spirockfpta  novyi,  the  Indian  to 
Spirocfuela  carteri. 


BplrochptOH  o(  RplapBlng  Fevet  from 

or  a  R>t  HeeD  at  the  Height  or  the 

SbDwiDK    One    Normal    Double 

Form   (A).  Ohe  Stretched  Oat  Form  (B>. 

aod  One  Rei'urved  Form  <C).  Id  One  CoTer- 

Sllp    Preparation.      (Alter    8,    T.    DarllDi. 


DaflnitioD  of  Belapsing  Fever. 
— Relapsing  fever  is  an  iufectiouB 
disease  characterized  by  periods  of 
fever  separated  from  oue  auother  ""'"'  '""  '"™' 

by  periods  of  apyrexia,  and  due  to  invasion  of  the  blood  by  one  of  sev- 
eral varieties  of  spirochaetae.  The  incubation  period  lasts  about  7  days.' 
Mode  of  Infection. — Infection 
probably  occurs  through  bloodsucking 
insects,  of  which  tlie  louse  {Pediculus 
vestimenii)  seems  to  be  responsible  in 
Algiers,  a  tick  (Ornithodorus  mou- 
bata)  in  equatorial  Africa.  Simple 
contact  infection  seems  improbable. 

Symptoms. — The    onset    is    with 
fever,   and  usually  with  cbill,   head- 
ubata.    9        aclie,  pain  in  the  back,  tinnitus,  gen- 
The  Tkk  that  TranamitB  Rei»p«-       p^j,]  malaise,  pain  in  the  calves  and 

log   VvWT.      (Aflcr    O.    U.    K.    Niil-  ,,  /    ^  ..  „  _, 

tall,  J.  u.  H.  Bull.)  Ill    the    extremities    generally.      Ihe 
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tongue  becomes  coated.  Herpes  is  not  uncommon.  Constipation,  vomit- 
ing, splenic  tumor,  moderate  leukocytosis,  with  sli^t  relative  increase  in 
the  polymorplionuclear  elements,  are  also  usually  present.  . 

The  fever  continues  high  for  5-7  days,  and  then  falls  by  crisis,  with  ' 
sweating  and  diarrhea ;  there  is  then  rapid  disappearance  of  the  symptoms. 


Fig.  114. — RelapBing  Fever.     (After  P.  SrRQHe.t 

In  nearly  all  cases,  after  an  interval  averaging  SJ  days  (but  sometimes  as 
great  as  17  days),  a  eelapse,  wholly  similar  to  the  first  attack,  except 
that  it  is  milder,  occurs.  The  average  duration  of  the  first  attack  is  6} 
days,  of  the  second  attack,  5  J  days.  In  most  cases,  the  disease  is  over  at  the 
end  of  the  second  attack,  but  in  about  7  per  cent  of  the  cases,  a  second 
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EELAPSE  occurs  6  dajs  later,  lasting  on  the  average  3J  days.  In  a  few 
cases,  a  third  belapse  comes  after  a  9  days'  intermission  and  lasts  2  days, 
and  even  a  fotjrth  relapse  (after  10  days'  intermission)  lasting  1  day, 
has  been  observed. 

In  rare  instances,  during  the  apyretic  period  following  the  first  attack, 
an  intense  jaundice  sets  in  (septic  bilious  recurrent  fever,  or  bilious 
typhoid).  This  appears  to  be  a  complication  due  to  pyogenic  sepsis.  The 
average  mortality  of  relapsing  fever  is  from  2  to  10  per  cent  One  attack 
does  not  confer  immunity  to  subsequent  infection. 

Diagnosis. — It  is  often  difficult  to  demonstrate  the  spirochaetae  in  the 
peripheral  blood,  especially  at  the  height  of  the  fever,  though  the  thick- 
drop  method  is  helpful.  Animal  inoculation  (monkeys)  may  be  required 
in  doubtful  cases. 
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3.    Syphilis,  or  Lues 

Treponema  pallidum. — The  Treponema  pallidum  (or  Spirochceta  pal- 
lida, Sehaudinn)  is  an  extremely  delicate,  motile,  corkscrewlike  thread 
(6-14  turns),  at  the  end  of  which  are  extremely  minute  flagellalike  ex- 
tensions ;  it  is  present  in  the  lesions  of  syphilis  at  all  stages.    It  is  best  seen 
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in  histological  specimens  prepared  by  Levaditi's  silver-impregnation 
method.  The  methods  of  demonfitrating  it  b;  Giemaa's  stain,  by  the 
india-ink  method,  and  by  dark-field 
illumination  have  already  been  re- 
ferred to.  It  has  been  cultivated  by 
Noguchi  in  serum  media  containing 
a  little  sterile  rabbit's  kidney.  It  can 
also  be  cultivated  by  the  modified 
method  of  SchereBchowsky, 

It  is  pathogenic  for  human  beings, 
monkeys  and  rabbits. 

Definition  of  Syphilis.— Syphilis 

is  a  chronic  infectious  disease,  due  to 

ng.  iiT.— (B,  6  and  7)  Treponema  imiM-     invasion  of  the  body  by  the  Treponetna 

dom   from    »   Ten-D.yOM   Pore   Cnl-  pallidum.         It      is      UBUally      acquired 
tart     In     a    Borw-Scram-Agar-TUBne         ,  ,  .  -  , 

HedlDia.      Glemu    Stain,    xl.asa     (8  through  COltUS   (QHNITAL  INFECTION), 

and  9)   Long  Form«  trom  a  Pure  Cnl-  thoUgh   Sometimes  in  Other  WSVS    (eX- 
tore.      aivmsa   Slain,  xl,280.      (A«Br  "  ,  ,■ 

a.   Nognchl,  ■■StnfllM  from  the  Rock-  TEAOKNITAL  INFECTION  01  Jip,  tonglie, 

feller  Inst,  for  Med.  HeB.,"  Reprinted     tonsil,    nipple,    fincer,    evelid,    anus, 

from  J.  Bip.  Med.)  ,  .        '  .         \     ,**    ,«■  L       •    ■ 

skin  abrasion,  etc.).  Many  physicians 
suffer  from  syphilis  "innocently"  acquired  (gynecological  examination, 
surgical  operations,  autopsy  infection,  etc).  In  contradistinction  to 
acquired  syphilis,  there  is  also  a  congenital  syphilis,  due  either  to  fetal 
infection  from  the  mother  (placental  syphilis),  or  to  germinal  infection 
(from  the  father). 

(a)    Acquired  SyphUia 

Four  stages  are  distinguished:  (1)  a  primary  stage,  (2)  a  secondary 
stage,  (3)  a  tertiary  stage,  and  (4)  a  metasyphilitic,  or  parasyphilitic, 
stage.  It  is  well  to  remember  that  the  primary,  secondary  and  tertiary 
Btages  often  merge  one  into  another,  so  that  frequently  no  sharp  line  of 
division  can  be  drawn  between  them. 

Primary  Syphilis. — From  3  to  6  weeks  after  exposure,  a  pale,  firm, 
painless  nodule  appears  at  the  site  of  infection  (Huntehian  chancre  ; 
IHITIAL  sclerosis).  Under  treatment,  this  may  disappear  without  ulcera- 
tion, but,  usually,  it  breaks  down,  with  the  formation  of  an  ulcer,  which  is 
also  known  as  a  syphilitic  chancre,  with  a  hard,  ■woodlike  margin.  It  is 
usually  single,  in  contrast  with  soft  chancre,  which  is  most  often  multiple, 
but  the  initial  lesion  of  syphilis  is  occasionally  multiple.  It  is  most  com- 
mon on  the  glans  penis,  but  may  be  situated  on  the  prepuce.  Intraurethral 
chancre  may  occur;  it  probably  often  escapes  observation.  The  chancre 
uaaally  disappears  under  mercurial  treatment  in  from  3  to  5  weeks  after 
its  full  development ;  under  salvarsan  treatment,  it  may  disappear  much 
more  quickly. 
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Before  the  primary  lesion  has  disappeared,  the  inguinal  glands  and 
the  retrocervical  lymph  glands  hecome  enlarged  and  firm.  About  the 
same  time,  the  epitrochlear  glands  may  also  become  palpable.  The  lymph 
gland  enlargement  is  always  bilateral. 

This  general  lymphadenoid  hyperplasia  reaches  its  height  in  from  7  to 
9  weeks. 

Secondary  Syphilis. — From  the  9th  to  the  12  th  week,  the  secondary 
Btage  of  syphilis  is  entered  upon  with  the  appearance  of  a  macular,  rose- 
colored,  or  slightly  copper-colored  exanthem  (roseola  syphilitica,  mao- 

TLAE  syphilid). 

This  is  often  preceded  by  slight  prodromal  disturbances  (fever,  noctur- 
nal headaclie,  nocturnal  pains  in  the  limbs  and  bones  (doloees  osteo- 
scopi).  The  syphilitic  roseola  appears  first  on  the  skin  of  the  chest,  abdo- 
men, or  back.  It  is  rarely  present  on  the  face,  or  the  extremities,  though  it 
is  sometimes  visible  on  the  uvula,  tonsils,  and  soft  palate.  Later,  whitish 
areas  appear  in  the  mouth  (margin  of  tongue,  lips,  tonsils,  cheeks),  the 
so-called  mucous  patches  and  hypertrophic  changes  in  the  mucous  mem- 
branes, especially  of  the  vulva  and  anus,  may  give  rise  to  the  syphilitic 
excrescences  known  as  condylomata. 

In  this  secondary  stage,  the  patients  feel  ill  (anorexia,  progressive  ane- 
mia, occasionally  albuminuria,  icterus,  and  palpable  spleen).  The  hair 
often  falls  out  (defluvium  capillorum),  and  the  patients  complain  of  sore 
throat 

Instead  of  the  macular  syphilid,  succeeding  it,  or  mixed  with  it,  there 
may  be  a  papular  eruption  (papulae  syphilid).  These  papules  are 
usually  rather  small,  firm,  and  of  a  brownish  red  or  copper  color ;  they  are 
sharply  circumscribed  and  rounded  {lenticular  syphilid j  large  papular 
syphilid).  On  fading,  they  scale  and  become  indented  in  the  center,  leav- 
ing a  brown  pigmented  area  behind.  In  more  malignant  forms  of  syphilis, 
the  papules  are  very  much  smaller,  about  the  size  of  the  head  of  a  pin, 
brownish  red,  firm,  and  distinctly  pointed  {small  papular  syphilid,  miliary 
syphilid,  lichen  syphiliticus).  The  papules  undergo  slight  desquamation, 
similar  to  that  seen  in  the  larger  form.  In  still  other  malignant  cases,  the 
papules  may  take  the  form  of  quite  large  nodules  that  undergo  ulceration, 
simulating  that  of  gummatous  syphilids. 

Instead  of  a  macular,  or  a  papular,  syphilid,  in  the  secondary  stage,  a 
PUSTULAB  SYPHILID  or  an  ulcerative  syphilid  form  may  be  met  with. 
The  pustules  may  be  large  and  surrounded  by  a  red  areola.  Crusts  may 
form  over  broken  pustules,  after  which  the  ulcer  may  gradually  extend  at 
its  periphery.  In  these  cases  the  older  central  crusts  become  gradually 
elevated  in  oyster-shell-like  laminations  upon  the  crusts  formed  later 
(rupia  syphilitica).  The  superficial  form  of  pustular  syphilid  affecting 
especially  the  scalp  and  beard  is  known  as  impetigo  syphilitica.  Some- 
times small  pustules  arise  on  the  bases  of  papular  infiltrations,  especially 
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in  hairj  beards  (acne  syphilitica).    Again,  in  severe  cases,  the  pustular 
syphilid  involves  the  deeper  tissues  (ecthyma). 

Laryngeal  catarrh  is  common  in  the  secondary  stage,  with  hoarseness 
or  aphonia,  and  laryngeal  examination  may  reveal  a  papular  eruption 

or  mucous  patches,  or 
even  ulcers  of  the  mu- 
cous membrane 

The  eruption  of  the 
secondary  stage  often 
recurs  at  intervals  (^re- 
lapses, recidives).  A 
papular  or  papulo- 
squamous exanthem  on 
the  palms  of  the  hands 
or  soles  of  the  feet  is 
almost  pathognomonic 
of  syphilis  (=  palmar 
and  plantar  syphilitic 
psoriasis).  An  ony- 
chia or  paronychia 
syphilitica  is  not  un- 
common in  the  sec- 
ondary stage. 

Falling  out  of  the 
,tj^  hair  has  already  been 
A.  mentioned.  This  may 
be  diffuse,  or  it  may 
occur  in  patches  {alo- 
pecia syphilitica').  The  hairs  of  the  beard,  axillae,  eyebrows,  eye-lashes 
and  pubio  region  may  also  fall  out.  Periostitis,  occasionally  arthritis, 
peripheral  neuritis,  neuralgias  (trigeminal,  intercostal,  sciatic),  isolated 
ptosis,  diplopia,  and  optic  neuritis  are  not  uncommon.  The  periostitis 
often  gives  rise  to  NonES  on  the  tibia,  ribs  or  skull. 

TJnilateral  or  bilateral  iritis,  with  violent  nocturnal  pain,  is  often  an 
early  symptom.  Sudden  deafness  due  to  involvement  of  the  labyrinth  may 
occur. 

The  lesions  of  secondary  syphilis  (at  tlie  beginning,  and  in  its  periodic 
exacerbations)  are  extremely  infectious,  especially  the  mucous  patches 
and  the  condylomata  on  the  genitals  or  about  the  anus. 

In  insufficiently  treated  cases,  the  recurrences  may  occur  at  regular 
intervals  (6  months)  ;  more  often  the  intervals  are  irregular,  going  on  for 
from  3  to  5  years,  to  be  followed  by  a  latent  period,  before  tCTtiary  symp- 
toms manifest  themselves. 


f.  119.— ScallDg  Sypbllld  of  Palms.  CoDdllli 
Two  Weekg  After  Treatment  With  "606." 
grapb  Belore  Treatment.  (After  H.  J.  Nicb 
Pordjce,  "Studies  from  the  RotketeUer  lost.  t< 
Reprinted  from  J.  Am.  H.  Abb.) 
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Pig.  120.— Rrallng  Syphilid  of  ralms.  DunlloD  of  Inf^nlan,  Thifv  Yparx:  of  I'nlmar  LphIodh. 
One  Yekr.  Hif  10.  1910,  0.3  gm.  "006."  WaiaermaDD  Before  TrfStniEiit,  *  * :  June  10, 
IBIO.  N>K>tWe:  Sept.  1,  1910,  Still  Kegatlve.  Hm  I'botoKrapb  Aftir  TivBtment.  (Atter 
H.  J.  N'khoU  uid  J.  A.  Fordfce,  "Studies  from  the  Hoekfellcr  lost,  (or  Med.  Rea.,  Re- 
printed from  J.  Am.  U.  An.) 

Two  additional  constitutional  symptoma  of  the  secondary  stage  deserve 
especial  mention: 

1.  The  FEVEB  may  be  extremely  variable  in  character.     Thus  it  may 
be  slight  and  of  brief  duration.     Some- 
times  it  is  continuous,  simulating  that 

seen  in  the  second  week  of  tvphoid  fever. 
Sometimes  it  is  remittent  over  long  peri- 
ods of  time,  leading  to  a  disgiiosis  of 
tuberculosis.  Or,  again,  it  may  be 
paroxysmal  and  intermittent,  simulating 
the  pyrexia  of  malarial  fever. 

2.  The  ANEMIA  is  often  pronounced. 
It  i3  of  the  secondary  type  (low  color 
index).  A  hematogenous  jaundice,  due 
to  rapid  destruction  of  erythrocytes,  may 

develop.  There  is  rarely  a  leukocytosis,  Fig.  i2i.-Aiopee!aByphiiitiai.  (After 
but  .  ™l.ti™  increaM  in  the  mon».  TCT.' S  J*  -"m  b" 
nuclear  cells  is  the  rule.  q.  Fischer,  Jena.) 
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Tertiary  Stage. — The  characteristic  lesion  in  this  stage  is  the  gumma 
(aggregations  of  small  mononuclear  cells  which  tend  to  break  down  from 
coagulation  necrosis).  The  ulceration  resulting  heals  with  difficulty  and 
gives  rise  to  dense  scars,  which  cause  marked  deformity  of  parts  affected. 
The  gummata  may  vary  in  size  from  that  of  a  pin's  head  to  that  of  a 
child's  head,  or  larger.  They  are  very  common  in  the  skin,  periosteum  and 
bones,  less  common  in  the  muscles. 

In  some  instances,  the  viscera  (liver,  lung,  spleen,  intestine,  kidney, 
heart)  are  predominantly  involved  (visceral  syphilis).  Gumma  of  the 
brain  may  give  rise  to  symptoms  and  signs  of  brain  tumor.  A  gummatous 
arteritis  of  the  brain  may  cause  hemiplegia,  or  aphasia.  Gummatous 
arteritis  in  the  spinal  cx)rd  is  a  frequent  cause  of  parapl^a.  Oummata  of 
bone  are  most  often  met  with  in  the  skull,  clavicle,  sternum  and  tibia.  The 
bones  of  the  nose  may  break  down  (saddle-nose)  ;  the  bony  atrophy  is 
often  followed  by  ozena.  Perforation  of  the  nasal  septum  is  not  uncom- 
mon. Perforation  of  the  palate  may  also  occur;  white  scars  on  the  hard 
or  soft  palate  are  suspicious  of  preexisting  luetic  lesion.  In  the  tongue,  a 
gumma  may  simulate  carcinoma  or  actinomycosis. 

Gumma  of  the  liver  is  of  great  practical  importance,  sometimes  being 
mistaken  for  carcinoma.    Syphilitic  cirrhosis  is  multilobular. 

In  the  intestine,  syphilitic  ulcers  often  cause  strictures  with  stenosis, 
especially  in  the  rectum.  Gummatous  processes  in  the  esophagus  and  tra- 
chea, also,  sometimes  give  rise  to  strictures. 

Luetic  arthritis  is  rather  rare,  being  much  less  common  than  luetic 
periostitis.  A  gummatous  mesaortitis  is  the  commonest  cause  of  aortic 
ANEURISM  and  of  ISOLATED  AORTIC  INSUFFICIENCY.  Amyloid  discase  is 
not  uncommon. 

Paralnetic  Stage. — Ten,  fifteen,  or  more,  years  after  infection,  symp- 
toms of  parasyphilis  may  develop,  giving  rise  to  (1)  the  clinical  picture 
known  as  general  paresis  or  dementia  paralytica,  when  the  Treponema 
pallidum  invades  the  cerebral  cortex  itself,  or  (2)  the  picture  of  tabes 
dorsalis  (locomotor  ataxia)  when  the  spinal  meninges  and  roots  of  the 
sensory  nerves  are  involved,  leading  to  degeneration  of  the  posterior  fu- 
niculi of  the  spinal  cord.     (See  Part  XII.) 

Diagnosis. — No  reliance  should  be  placed  upon  the  anamnesis,  unless  it 
is  positive.  The  nature,  site  and  appearance  of  the  lesions  are  often  charac- 
teristic. In  primary  and  secondary  lesions,  the  presence  of  the  Treponema 
pallidum  may  be  demonstrable.     (See  Methods.) 

In  all  stages  of  syphilis,  except  in  the  early  stage  of  the  hard  chancre, 
and  during  and  for  two  weeks  after  antiluetic  treatment,  the  Wassermann 
REACTION  (q.  V.)  is  positivc  in  a  large  percentage  of  the  cases. 

In  lues  cerebrospinalis,  the  cell  count  of  the  cerebrospinal  fluid,  the 
increase  in  globulin  content,  and  the  positive  Wassermann  reaction  in  this 
fluid,  aid  in  diagnosis. 
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In  the  paraittetic  diseases,  the  neurological  phenomena  (q.  v.),  the  lum- 
bar puncture,  and  the  Waasermann  reaction  make  diagnosis,  as  a  rule,  easy. 

Care  should  be  taken  not  to  confuao  tertiary  luetic  lesions  of  the  bones 
and  skin  with  (1)  tuberculosis  or  (2)  sporotrichosis  (q.  v.). 

(b)    Congenital  SyphUis 

The  fetus  may  be  infected  through  the  placenta.  In  such  cases  the 
mother  is  inf«'cted  (positive  Wassermann  reaction),  though  the  disease  may 
be  entirely  latent  in  her  as  far  as  symptoms  are  concerned.  According  to 
CoLLEs'  LAW,  a  child  suffering  from  coiigvnital  syphilis  may  infect  a 
healthy  nurse,  but  cannot  infect  its  own  mother,  even  though  she  suckle  it. 


Fig.  122.— Twlnii  with  lleredllar;  Sypbllls.  K  -  I>llTu>ie  laflltrallon  or  Ibi^  Skin.  Vvry  Uatked, 
EeperUllj'  od  IIbdiIh,  Armx  and  Fvct.  Sj'pbllHIc  CrUHts  About  thp  Mouth  and  Cbln. 
L  -  Circumacrlbvd  I'QBtular  Sfpblllde  od  the  Faw.  KBp«clally  [he  Forehead.  Khaeadv*  at 
the  F^dKes  of  the  Lips.  (Artor  Ffauadler,  In  K.  Feer's  -Lehrb.  d.  Klnderbellkuode,"  pub- 
liahed  by  Q.  Flicber,  Jena.) 

The  reason  is  that  the  mother  is  already  infected.  Again,  if  a  woman, 
suffering  from  lues,  bear  a  cliild  that  shows  no  symptoms  of  syphilis,  the 
child  does  not  contract  the  disease  if  suckled  by  ita  mother  (Profeta's 
law).  This  may  he  due  to  the  transference  of  a  passive  immunity  to  the 
child  in  ulero,  but  is  more  likely  due  to  the  fact  that  the  child  is  already  the 
bearer  of  latent  infection  (Diday). 

STmptoms. — Many  of  the  children  are  still-bom,  or  die  soon  after  birth 
(feeble  development,  pemphigus  neonatorum  syphiliticus). 
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Children  may  be  bom  apparentlj  healthy,  and  in  one  or  two  montha 
develop  snuffles  {syphilitic  rkiniiis),  fissures  and  scabs  at  the  angles  of  the 
mouth  (rhagades),  syphilitic  onychia,  and  enlargement  of  the  spleen  and 
lymph  glands.  Violent,  unraotived  crying,  during  the  early  months  of 
life,  should  make  one  suspect  the  possibility  of  congenital  syphilis. 

In  childhood,  symptoms  often  reappear  at  the  period  o£  the  second 
dentition,  or  at  puberty.  Various  dystrophic  signs  are  more  or  leas  charac- 
teristic ;  among  these 
are  infantilism,  sad- 
dle-nose, scars  of 
rhagades,  Eutchinso- 
nian  teeth  (the  upper 
permanent  central 
incisors  being  peg^ 
shaped  and  crescent- 
ically  notched  at  the 
cutting  edge),  inter- 
stitial keratitis, 
bosses  on  the  frontal 
bones,  chronic  gum- 
matous periostitis. 
A  child  may  be 

Fig.   123.— HutcblDson's  Teeth  In  llcredllar;  LlneB.     Note  the  £,.gg  from  SVphilis  in 

Concave  Defect  Id  the  Edges  of  the  Medial  Upper  InclaorB.  ,  ''" 

(From   Buschke's  Article   Id   Eulenburg.   Kotle  aod  WelD-  itS   early   years,    and 

trand'B  "Lehrb.  d.  kltu.  DDteriuchDDKimetbodcn,"  pabllshed  later  On  Dresent  defi- 
by  Urban  &  Schiranenberg,  Berlin.)  .  "^ 

nite  symptoms  (syph- 
ilis HEREDiTABiA  tarda).  Whether  or  not  the  disease  can  be  transmitted 
to  the  third  generation,  is  still  in  dispute. 

Juvenile  tabes  and  juvenile  paresis  occasionally  occur. 
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6.    Yaws  or  Frambesia 

definition. — A  disease  of  tropical  countries  characterized  by  papular,  tuber- 
cular and  ulcerative  skin  lesions,  and  manifesting  itself  in  a  primary,  secondary 
and  tertiary  stage  analogous  to  those  of  syphilis.  The  causative  organism  is  the 
Treponema  pertenue. 

Etiology. — By  many  authorities  yaws  was  confused  with  syphilis  until  Cas- 
tellani  in  1906  demonstrated  the  presence  in  the  skin  lesions,  lymph  nodes,  and 
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spleen  of  the  Treponema  pertenue.  This  discovery  has  since  been  abundantly  con- 
firmed. The  distinction  between  yaws  and  syphilis  is  likewise  supported  by  the 
fact  that  there  have  been  many  instances  of  the  development  of  yaws  naturally 
and  by  inoculation  in  those  affected  with  syphilis. 

Symptoms. — After  a  period  of  incubation  of  from  2  to  5  weeks  the  initial  lesion 
appears  at  the  point  of  inoculation  as  a  small  papule.  The  overlying  skin  soon 
ulcerates,  exposing  a  fungoid  yellowish-red  base  from  which  seropurulent  fluid 
exudes.  This  mass  of  fungoid  granulations  may  attain  1  to  2  inches  in  diameter. 
The  primary  lesion  is  usually  extragenital. 

The  secondary  stage  sets  in  in  from  six  weeks  to  three  months  after  the  appear- 
ance of  the  initial  lesion.  There  is  a  generalized  eruption  of  papules  entirely 
similar  to  the  primary  lesion.  The  face,  neck,  perineum  and  the  extremities  are 
especially  affected.  Frequently  the  eruption  is  accompanied  by  marked  itching. 
The  character  of  the  lesions  is  very  uniform  in  contrast  to  the  pleomorphism  that 
is  common  in  syphilis.  The  onset  of  the  secondary  stage  is  usually  attended  with 
fever,  headache  and  joint  pains.  There  may  be  successive  eruptions  of  yaws 
tubercles  prolonging  the  secondary  stage  for  two  to  three  years.  More  usually 
it  lasts  only  three  or  four  months.  ' 

Certain  cases  of  yaws  exhibit  a  tertiary  stage  of  which  the  characteristic  lesions 
are  gummatous  nodules  and  deep  ulcerations  (Castellani).  It  is  possible  that  the 
condition  known  as  gangosa  (q.  v.)  is  simply  tertiary  yaws  of  the  nose  and  palate. 
There  appears  to  be  no  tendency  in  tertiary  yaws  to  involvement  of  the  viscera  or 
of  the  central  nervous  system. 

Prognosis. — The  death-rate  is  very  low — approximately  J  of  1  per  cent.  Re- 
covery does  not  yield  complete  immunity;  reinfection  may  occur. 

Diagnosis. — The  juice  from  yaws  tubercles  should  be  stained  by  the  India  ink 
method  or  with  Giemsa's  stain.  The  Treponema  pertenue  closely  resembles  the  Tre- 
ponema pallidum;  it  is,  however,  somewhat  thicker,  th^  spirals  are  less  regularly 
formed,  and  the  ends  more  blunt.  In  sections  of  the  lesions,  stained  by  Levaditi's 
method,  the  treponema  is  found  in  the  epidermal  layer  instead  of  in  the  corium, 
as  in  syphihs. 

Clinically  the  extragenital  site  of  the  primary  lesion  of  yaws;  the  similarity  of 
the  primary  and  secondary  lesions;  the  uniformity  in  the  appearance  of  these  lat- 
ter; the  rarity  of  involvement  of  mucous  membranes  in  yaws  help  to  differentiate 
from  syphilis.  On  the  other  hand  salvarsan  is  more  specific  for  yaws  than  for 
syphilis,  and  the  Wassermann  reaction  is  more  frequently  positive  in  yaws. 
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7.    Granuloma  venereum 

{Ulcerating  Granuloma) 

Definition. — A  chronic  superficial  ulceration  in  the  region  of  the  genitals  occur- 
ring chiefly  in  tropical  countries.  A  few  cases  have  been  reported  in  the  United 
States. 

Etiology. — The  causative  organism  has  not  been  definitely  ascertained.  R  is 
probably  a  spirochete  resembUng  Treponema  pallidum  (Wise). 

The  disease  is  transmitted  by  sexual  intercourse.  It  is  somewhat  more  common 
in  women. 
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Symptoms. — The  disease  first  manifests  itself  as  a  small  painless  papule  or 
nodule  on  the  penis,  the  labia,  or  the  perineum.  This  lesion  ulcerates  and  the 
nlo^ration  then  spreads  by  continuity  to  the  groins  and  the  inner  surface  of  the 
thighs.  The  margin  of  the  ulcer  is  usually  clean-cut  and  steep.  The  base  of  the 
nicer  is  often  covered  with  a  gray  membrane.  The  granulations  bleed  easily.  The 
dischaiige  is  usually  profuse  and  offensive.  The  process  is  very  chronic.  Healing 
occurs  with  scar-tissue  formation.  The  ulceration  may  involve  the  vagina,  and 
rectovaginal  fistulae  often  result.  The  lymph  glands  are  not  affected.  The  process 
is  comparatively  painless.  The  general  health  is  impaired  only  when  the  area 
of  the  ulceration  is  extensive. 

Diagnosis. — The  disease  must  be  differentiated  (1)  from  syphilis  (secondary 
S3rmptoms ;  enlarged  lymph  nodes ;  Wassermann  positive,  response  to  specific  treat- 
ment) and  (2)  from  tuberculosis  (histology  of  excised  material). 

8.    Gan^osa 

Definition. — A  destructive  ulceration  of  the  palate  and  nasal  passages  occur- 
ring in  tropical  countries. 

Etiology. — Gangosa  is  usually  regarded  as  a  tertiary  manifestation  of  either 
yaws  or  syphilis.  The  absence  of  other  forms  of  syphilis  in  Guam,  where  gangosa 
is  prevalent,  speaks  strongly  against  the  latter  supposition.  In  315  cases  of  gan- 
gosa Kerr  found  only  18  in  whom  scars  or  a  history  of  yaws  were  lacking. 

Symptoms. — The  disease  usually  begins  with  ulceration  of  the  palate,  which 
very  rapidly  spreads  upward  destroying  the  bone  and  cartilage  forming  the  tip 
of  the  nose.  The  nasal  ducts  are  frequently  involved  with  consequent  loss  of  one 
or  both  eyes.  The  active  process  may  subside  in  one  or  two  years,  leaving  marked 
deformations.     Ozena  is  a  common  accompaniment. 

Diagnosis. — S3rphilis  is  hard  to  rule  out,  since  entirely  similar  lesions  may 
occur  in  the  malignant  form  of  that  disease.  A  large  percentage  of  cases  of  gan- 
gosa give  a  positive  Wassermann  test.  Salvarsan  is  curative.  The  possibility  that 
the  disease  is  a  special  form  of  either  syphilis  or  yaws  should  be  kept  in  mind. 

9.    Verruga  peruviana 

Definition. — A  tropical  disease  confined  to  certain  valleys  of  Peru,  apparently 
an  infectious  granuloma. 

Symptoms. — It  is  characterized  by  an  eruption  of  vesicles  and  papules  over  the 
extr^nities  and  face.  Later  on,  subcutaneous  nodules  appear,  which  may  reach 
3-4  cm.  in  diameter.  The  skin  over  them  frequently  ulcerates  and  red  fungous 
masses  result.  Verruga  nodules  have  also  been  found  in  the  internal  organs. 
After  several  weeks  or  months  the  eruption  disappears,  but  relapses  are  common. 

As  a  result  of  the  work  of  R.  P.  Strong,  E.  E.  Tyzzer,  A.  W.  Sellards  and  C.  T. 
Brues  of  the  Expedition  to  South  America  from  the  Harvard  School  of  Tropical 
Medicine,  verruga  peruviana  has  been  sharply  separated  from  Oroya  fever,  which 
had  formerly  been  considered  to  constitute  the  febrile  stage  of  verruga.  The  virus 
of  verruga  peruviana  is  transmissible  to  monkeys,  but  has  not  been  shown  to  be 
filtrable. 
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10.    Oroya  Fever 

{La  Maladie  de  Carrion) 

Barton  in  1909  and  later  Strong  have  reported  as  the  etiological  agent  in  this 
fever  a  parasite  of  the  red-blood  corpuscles  sufficiently  distinct  from  the  other 
hematozoa  previously  described  to  permit  it  to  be  placed  in  a  new  genus.  The 
name  Bartonia  hacilliformis  has  been  proposed  for  this  organism.  The  disease 
is  characterized  by  high  fever,  a  rapid  and  pernicious  form  of  anemia,  extreme 
prostration  and  death.  In  Peru,  where  it  is  common,  it  is  frequently  combined 
with  verruga  peruviana.  In  1885  a  young  medical  student,  Daniel  Carrion,  in 
an  attempt  to  settle  the  question  of  the  identity  of  the  two  diseases,  allowed  himself 
to  be  inoculated  with  the  blood  of  a  patient  with  verruga  peruviana.  Within 
thirty-nine  days  he  succumbed  to  an  apparently  typical  attack  of  Oroya  fever. 
The  confusion  of  identity  caused  by  this  outcome  may  be  compared  to  that  follow- 
ing the  famous  experiment  of  John  Hunter  with  sypliilis  and  gonorrhea. 
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C.    Diseases  Due  to  Pathogenic  Sporozoa 

The  coccidia  (coccidiosis),  and  the  sarcosporidia  (Miescher's  tubes  in  striped 
muscle),  are,  in  this  country,  unimportant  for  human  pathology;  as  hemosporidia, 
the  malarial  parasites  were  formerly  included  under  pathogenic  sporozoa.  They 
have  already  been  considered,  above,  in  their  new  position,  under  the  flagellata. 

III.     DISEASES    DUE    TO    FILTRABLE    OR    "ULTRAMICRO- 

SCOPIC"  AaRUSES 

Filtrable  Viruses. — A  number  of  diseases  are  due  to  forms  of  virus 
that  will  pass  through  fine  porcelain  filters.  The  virus  is  therefore  be- 
lieved to  be  smaller  than  bacteria.  The  pores  of  the  filter  are,  it  is  true, 
larger  than  bacteria,  but  bacteria  do  not  get  through  on  account  of  the 
tortuous  passage.  BerJcefeld  filters,  made  of  diatomaceous  earth,  are  more 
porous  than  Pasteur-Chamberland  filters,  made  of  unglazed  porcelain 
kaolin. 

Studies  of  these  viruses  should  be  undertaken  by  the  newer  methods  of  study- 
ing colloid  particles  of  different  sizes.  Among  these  may  be  mentioned  (1)  the 
observation  of  Tyndall's  phenomenon  (illuminated  pyramid,  on  lateral  observa- 
tion, in  a  fluid,  when  a  small  bundle  of  light  rays  is  projected  through  the 
fluid)  by  the  ultramicroscope,  of  which  there  are  two  main  types:  (a)  the  slit 
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ultramicroscope  of  Siedentopf  and  Zsigmondy,  and  (b)  the  cardioid-^Uramicro- 
scope  of  Siedentopf;  and  (2)  the  method  of  "ultrafiltration"  op  bechold,  in 
which  the  pores  of  the  filter  are  covered  with  gels  of  different  concentration,  each 
concentration  permitting  colloid  particles  of  definite  size  to  pass  through  but  pre- 
venting the  passage  of  particles  of  larger  size.  So  delicately  do  these  filters  work, 
that  it  is  possible  by  them  to  separate  diphtheria  toxin  from  toxon  (Bechold),  and 
to  separate  the  colloid  particles  of  boiled  milk  from  those  of  raw  milk  (Grosser). 
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A.    Disease  Due  to  Pasteur's  Virus 

Vims  of  Babies. — The  nature  of  the  virus  is  unknown,  unless  it  be  the  organism 
recently  described  by  Noguchi  (see  below) ;  but  it  is  present  in  the  saliva  of 
animals  suffering  from  rabies,  and  is  concentrated  in  the  tissues  of  their  nervous 
systems.  To  cause  disease,  it  must  be  inoculated  into  the  tissues;  swallowed,  it 
is  harmless.  All  mammals  are  susceptible,  but  the  dog  seems  to  be  the  animal 
that  keeps  the  disease  going.    Possibly  healthy  dogs  may  be  chronic  carriers. 


1. 

(Hydrophobia,  Lyssa) 

Definition. — An  acute,  fatal  infection  (after  a  long  incubation  period), 
communicated  to  man,  usually  by  a  rabid  dog,  sometimes  by  other  infected 
animals  (skunk,  wolf,  horse,  cat,  etc.). 

Incubation  Period;  Immunity;  Vims. — In  this  disease,  which  is  always 
fatal,  once  symptoms  have  developed,  the  incubation  period  is  longer, 
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and  more  variable,  than  in  any  other  acute  infection.  It  varies  from  14t 
days  to  a  year  or  more,  the  average,  in  man,  being  40  days. 

Active  immunity  can  be  produced  in  man  by  Pasteur's  pbeventivb 
INOCULATION  in  about  15  days.  Since  this  is  a  much  shorter  period  than 
the  incubation  period,  prompt  action  will  nearly  always,  though  not  always, 
prevent  the  disease^  though  in  bites  upon  the  face,  the  incubation  period  is 
shorter,  and  rabies  sometimes  develops,  despite  preventive  inoculation. 

The  virus  appears  in  the  saliva  of  the  dog  3  to  8  days  before  the  animal 
shows  symptoms.  A  dog  kept  under  surveillance  for  10  days  after  biting 
a  human  being,  or  another  animal,  is  probably  free  from  rabies  if  no  symp- 
toms develop  during  that  period. 

A  skin  lesion  is  necessary  for  infection  in  human  beings,  and  the  virus, 
like  the  tetanus  toxin,  appears  to  travel  to  the  central  nervous  system  along 
the  nerve  trunks.  Even  when  a  person  has  been  bitten  by  a  mad  dog, 
and  left  untreated,  rabies  does  not  necessarily  develop.  Probably  not  over 
10  to  15  per  cent  of  people  so  bitten  would  develop  the  disease  (Paltauf ). 

The  virus  is  killed  by  prolonged  drying,  by  sunlight,  and,  quickly,  by 
heat  and  by  disinfectant  solutions.  It  is  not  injured  by  extreme  cold 
(liquid  air)  or  by  putrefaction.  Glycerin  preserves  it,  though  it  kills  bac- 
teria. 

Eecently  (1913)  Noguchi  reports  that  he  has  cultivated  the  virus  of 
rabies  from  the  nervous  system  of  infected  rabbits,  killed  before  the  dis- 
ease terminated  naturally.  He  places  the  material  in  ascites  fluid,  along 
with  a  small  piece  of  sterile  rabbit's  kidney,  just  as  in  his  method  of  cul- 
tivation of  the  Treponema  pallidum.  After  incubation,  he  found  in  some 
of  the  tubes,  on  microscopic  examination,  granular  chromatic  corpuscles  of 
variable  size.  Some  were  on  the  limits  of  visibility ;  others  were  as  large 
as  0.2-0.3  /I.  He  also  saw  groups  of  minute  pleomorphic  chromatoid  par- 
ticles, measuring  0.2-0.4  fi  broad  by  0.4-0.5  ft  long.  In  Giemsa's  stain, 
these  take  a  red  or  a  bluish  color.  He  was  able  to  grow  them  for  several 
generations  in  the  medium  mentioned.  Sometimes,  he  found  in  the  cul- 
tures larger  corpuscles  varying  in  size  from  1  to  12  m;  the  inner  bodies 
of  these  stained  dark  blue  or  violet,  the  outer  part  azure,  and  the  mem- 
brane reddish;  some  of  these  he  asserts  are  identical  with  Negri  bodies. 
Injected  into  rabbits,  guinea-pigs,  and  dogs,  these  minute  corpuscles  give 
rise  to  typical  rabies.  Should  this  finding  be  confirmed,  the  micro- 
organism might  well  be  called  Pasteuria  negrii  {Noguchi), 

Symptoms. — In  from  2  weeks  to  6  months  after  the  bite,  the  wound 
begins  to  redden,  and  to  become  painful,  and  the  bitten  person  becomes 
depressed  and  restless,  and  complains  of  headache  and  of  sleeplessness 
{prodromal  stage,  or  stadium  melancholicum).  Two  to  4  days  later,  the 
stage  of  excitement  (stadium,  hydrophobicum)  begins;  tonic  spasms  ap- 
pear in  the  muscles  of  the  pharynx  and  of  the  larynx.  The  respiratory 
muscles  also  become  involved ;  the  patient  has  difficulty  in  breathing,  and 
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feels  as  though  he  were  suffocating.  There  may  be  salivation  and  severe 
thirst,  with  inability  to  sv^rallow,  attempts  at  swallov^ing  causing  pharyn- 
geal spasm  so  that  the  patient  fears  to  touch  water  (hydrophobia).  The 
patient  becomes  restless,  jumps  about  in  an  excited  way,  cries  out,  strikes 
at  people  and  objects  about  him ;  in  other  words,  he  is  a  "raving  maniac." 
This  stage  lasts  1^-3  days  (v.  Koranyi).  He  then  enters  upon  the  last,  or 
paralytic  stage  {stadium  paralyticum)  ;  there  is  rapidly  developing  weak- 
ness, and  paralysis  of  various  muscle  groups  (face,  tongue,  eye-musdes, 
extremities).  The  temperature  rises,  and  death  occurs  within  2  to  18 
hours  after  the  paralytic  stage  sets  in.  In  the  so-called  "quiet  foem^'  the 
stage  of  excitement  does  not  occur,  the  prodromal  stage  going  directly  over 
into  the  paralytic  stage.  Recently,  abortive  cases  have  begun  to  be  rec- 
ognized (Remlinger,  Simon). 

Diagnosis. — It  is  most  important,  after  a  dog-bite,  to  determine  whether 
or  not  the  animal  is  really  infected.  It  should  be  caught,  immediately, 
alive  if  possible.  Formerly  it  was  advised  that  it  be  kept  under  surveillance 
for  a  few  days.  If  one  is  fairly  sure  that  the  dog  is  not  mad,  this  may  be 
permissible ;  if  there  is  strong  suspicion,  the  dog  should  be  killed  at  once, 
the  brain  should  be  aseptically  removed,  and  the  medulla  oblongata  placed 
in  pure  glycerin  and  sent  to  a  bacteriological  laboratory  or  to  a  Pasteur 
Institute,  for  the  experimental  inoculation  of  rabbits ;  further,  a  piece  of 
the  horn  of  Ammon  and  a  piece  of  the  spinal  cord  and  of  a  posterior  root 
ganglion  should  be  fixed  in  formalin  and  sent  to  a  histological  laboratory 
for  examination  (1)  for  Negri  bodies  in  Ammon's  horn;  (2)  for  the 
NODULES  RABiQUES  OF  Babes  (collcctions  of  Small  pericellular  foci  of  mo- 
nonuclear cells  around  the  nerve  cells  of  the  spinal  cord),  and  (3)  for  the 
LESION  OF  VAN  Gehuciiten  AND  Nelis,  spocific  chauges,  revealed  by 
NissFs  methods,  in  the  nerve  cells  of  the  sensory  and  sympathetic  ganglia. 

For  INOCULATING  THE  RABBITS,  an  emulsiou  of  the  fresh  or  of  the  glyc- 
erin-preserved medulla  or  spinal  cord,  is  injected  beneath  the  dura,  after 
trephining;  or  intracerebral  injection  may  be  employed.  If  the  virus  be 
present,  the  animal  injected  will  show  signs  of  rabies,  in  most  cases,  before 
the  21st  day.  At  least  two  rabbits  should  be  inoculated.  In  case  the  cord 
is  not  aseptic,  and  especially  if  putrefaction  has  begun,  it  is  better  to 
make  intramuscular  rather  than  subdural  injections ;  further,  the  material 
may  be  rubbed  up  in  1  per  cent  carbolic  acid  solution  and  left  in  the  ice- 
box for  24  hours  before  injection  (Marx),  or  the  brain  may  be  laid  in 
pure  glycerin  for  48  hours  before  injection  (Nicolle),  to  kill  any  bacteria 
present 

In  EXAMINING  FOE  THE  Negri  BODIES,  which  cau  be  found  in  90  to  95 
per  cent  of  all  infected  animals,  a  piece  of  Ammon's  horn  is  fixed  in 
formalin,  quickly  hardened  in  alcohol,  and  imbedded  in  celloidin  or  paraf- 
fin, sectioned,  and  stained  with  Wilson's  stain,  or  with  eosin  methylene 
blue  (Plate  VIII,  Fig.  4),  or  by  van  Giessen's  method. 
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A  quicker  method  still  is  to  make  smears  by  crushing  a  small  portion  of 
Ammon's  horn  between  two  slides,  fixing,  and  proceeding  to  stain  by  the  Mallory 
eosin  blue  method  as  follows  (Williams  and  Lowden) : 

1.  Treat  with  Zenker's  solution  for  15  minutes. 

2.  Wash  in  tepid  water. 

3.  Place  in  95  per  cent  alcohol  tinged  with  iodin. 

4.  Dehydrate  5  minutes  in  absolute  alcohol. 

5.  Stain  5  minutes  in  aqueous  solution  of  eosin  (Grubler,  W.  G.)  5-10  per  cent. 

6.  Stain  2-3  minutes  in  Unna's  polychrome  methylene  blue. 

7.  Wash  in  water. 

8.  Differentiate  in  95  per  cent  alcohol,  blot,  dry,  mount,  and  examine  with 
immersion  lens. 

Lentz's  method  is  as  follows: 

1.  Imbed  in  paraffin  by  the  quick  method  of  Henke-Zeller : 

(a)  4  p>er  cent  formalin-fixation  of  piece  i  cm.  thick  for  15  min. 

(b)  Pure  acetone  for  J-lJ  hours,  changing  2-3  times. 

(c)  Xylol  15  minutes. 

(d)  Parafl&ns  (several)   }-l}  hours. 

2.  Stain  section  1  minute  in 

Eosin  extra  a.  B.  (Hoechst) 0.5  g. 

Alcohol  (60  per  cent) 100.0  cc. 

3.  Wash  in  water. 

4.  Stain  1  minute  in  LoefBer's  methylene  blue. 

5.  Wash.    Dry  partially  with  filter  paper. 

6.  Differentiate  in : 

Absolute  alcohol 60  cc. 

NaOH  (1  per  cent) 10  drops 

Leave  in,  until  the  color  is  pale  red. 

7.  Differentiate  further  in: 

Absolute  alcohol 60  cc. 

Acetic  acid  (50  per  cent) 2  drops 

Leave  in,  until  the  ganglion  cells  are  pale  blue. 

8.  Dehydrate  quickly  in  absolute  alcohol;  clear  in  xylol;  mount  in  neutral 
balsam. 

The  Negri  bodies  are  carmine  red;  the  inner  bodies  are  blue;  the  red  blood 
corpuscles,  brick  red;  cell-nuclei,  dark  blue;  protoplasm,  pale  blue. 

The  Negri  bodies  are  round  or  oval  structures,  situated  inside  the  gan- 
glion cells.  They  possess  a  membranous,  capsulelike  structure,  and,  in  the 
interior,  show  a  differentiation,  due  probably  to  vacuoles  (  ?).  According 
to  Negri,  they  are  protozoa  (Neurorydes  hydrophobice),  and  are  the  cause 
of  the  disease.  They  are  exclusively,  and  almost  constantly,  present  in 
rabies,  but  they  cannot  be  found  in  some  material  that  certainly  contains 
the  virus  (saliva,  salivary  glands),  and  they  are  present,  in  very  small 
numbers,  in  the  spinal  cord.  Moreover,  even  in  Ammon's  horn,  where 
they  are  abundant  later,  they  cannot  be  demonstrated  in  the  incubation 
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period,  though  this  tissue  at  the  time  is  extremely  infectious.  The  Negri 
bodies  do  not  pass  through  a  Berkefeld  filter,  but  a  virus  capable  of  pro- 
ducing rabies  does  pass  througL 

In  rabbits  killed  by  virus  fixe,  Lentz  finds  peculiar  structures  between, 
not  in,  the  cells  of  Ammon's  horn ;  they  resemble  Negri  bodies,  but  are 
not  identical  with  them.  These  "passage-virus  corpuscles"  are  not  present 
in  rabbits  killed  by  "street  virus." 

On  EXAMINING  FOE  THE  LESIONS  OF  VAN  GbHUCHTEN  AND  NeLIS,  it  is 

b^  to  section  the  ganglion  on  the  vagus  nerve  or  the  Gasserian  ganglion. 
If  the  lesion  be  present,  the  endothelial  cells  surrounding  the  ganglion  cells 
will  be  found  proliferated,  the  nerve  cells  being  pushed  aside  and  many  of 
them  destroyed. 

If  a  person  has  not  been  bitten,  but  simply  licked  on  the  hands  or  face 
by  a  mad  dog,  there  is  probably  no  danger,  unless  there  have  been  fissures 
or  abrasions  on  the  skin  at  the  time.  Where  any  doubt  exists,  the  pre- 
ventive treatment  should  be  taken. 

Pasteur's  Treatment  for  the  Prevention  of  Babies  (1883). — ^A  great 
boon  was  conferred  upon  mankind  by  Pasteur's  application  of  the  principle 
of  producing  an  active  immunity  by  means  of  an  attenuated  virus,  in  the 
prevention  of  rabies.  By  passing  the  "street  virus"  (obtained  from  a  dog 
naturally  infected)  through  a  series  of  rabbits,  the  virulence  is  increased, 
until  the  so-called  "fixed  virus"  (of  constant  potency)  is  obtained.  This 
fixed  virus  causes  rabies  in  rabbits  by  the  6th  day,  killing  them  on  the  9th 
or  10th  day,  but,  strangely  enough,  has  largely  lost  its  virulence  for  dogs, 
and  is  probably  entirely  avirulent  for  man  (Proescher). 

The  spinal  cord  of  a  rabbit,  chloroformed  on  the  ninth  day  after  inocu- 
lation with  fixed  virus,  is  removed,  and  desiccated  for  14  days.  A  segment 
of  the  cord,  cut  off  each  day,  is  kept  in  pure  glycerin.  Glycerin  emulsions 
are  made  of  the  different  segments.  Two  doses  of  the  most  attenuated 
vims  are  given  on  the  1st  day,  and  on  each  successive  day  a  dose  of  pro- 
gressively less  attenuated  virus  is  given  until,  by  the  18th  day,  a  virus 
made  from  the  cord  that  has  been  dried  only  3  days  is  given. 

The  treatment  is  best  carried  out  at  regularly  established  Pasteur  Insti- 
tutes, but  emulsions  of  the  cord  in  glycerin  can  now  be  sent  to  a  distance 
and  the  treatment  can  be  carried  out  at  home. 

There  is  no  longer  any  doubt  about  the  value  of  this  prophylactic 
inoculation. 

Neglect  to  begin  the  treatment  early  enough  is  often  followed  by  the 
most  disastrous  results.  In  Chicago,  I  saw  3  cases  of  human  rabies.  Half 
an  hour  after  I  had  shown  one  man,  with  beginning  symptoms,  in  the 
clinic  at  Hush  Medical  College,  I  was  summoned  to  his  room  in  the  Pres- 
byterian Hospital  to  find  him  violently  insane,  threatening  all  who  came 
near  him.  He  had  to  be  overpowered.  One  plucky  interne  rushed  in 
with  a  blanket  in  front  of  him,  followed  by  a  group  of  men,  and  together 
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they  secured  the  patient ;  he  had  to  be  kept  under  chloroform  for  a  few 
hours  until  the  exitus  I 
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B.     Disease  Due  to  Reed,  Carroll  and 

Agramonte's  Virus 

ViruB  of  Yellow  Fever. — This  virus,  studied  by  Reed,  Carroll,  Lazear  and  Agra- 
monte,  is  the  cause  of  yellow  fever.  The  virus  is  present  in  the  blood  during  the 
first  3  days  of  the  fever  only.  If  the  infected  human  being  be  bitten,  at  this  time, 
by  a  particular  variety  of  mosquito  (Stegomyia  calopus  fasciata),  the  virus 
undergoes  some  form  of  development  within  the  body  of  the  mosquito,  and,  after 
about  2  weeks,  if  the  same  mosquito  bite  a  healthy  human  being,  the  latter  may 
become  infected.  The  findings  of  the  United  States  Army  Commission  (Walter 
Reed  and  bis  colleagues),  have  been  confirmed  by  the  French  Expedition  in  Brazil 
(Marchoux  and  Salimbeni). 

It  was  shown  that  the  blood  of  a  patient  in  the  first  three  days  of  the  disease 
would,  if  injected  subcutaneously,  produce  the  disease  in  a  susceptible  person. 
Cutaneous  vaccination  with  infected  serum  is  without  result.  The  virus  in  the 
blood  will  pass  through  a  Berkefeld  filter.    It  has  not  as  yet  been  cultivated. 

1.    Yellow  Fever 

Definition. — ^YeUow  fever  ia  an  acute  and  severe  infectious  disease, 
transmitted  by  infected  mosquitoes.  It  was  formerly  very  prevalent  in 
Central  America  and  the  West  Indies,  and  sometimes  invades  the  Southern 
United  States.  It  is  due  to  the  filtrable  virus  of  Keed,  Carroll  and  Agra- 
monta 

Epidemiology. — The  disease  was  first  described  in  Guadaloupe  in  1635 
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and  has  been  endemic  since  then  on  the  islands  and  on  the  coasts  of  the 
Gulf  of  Mexico  and  the  Caribbean  Sea  and  on  the  West  Coast  of  Africa. 
The  United  States  of  America,  Spain  and  Brazil  have  suffered  from  severe 
epidemics.  That  in  Philadelphia  in  1793  was  interestingly  dealt  with  in 
the  medical  writings  of  that  day.  The  theory  of  transmission  by  fomites 
was  greatly  stressed  but  the  observation  that  the  larger  number  of  cases 
developed  in  certain  streets  near  the  wharves  led  some  authors  to  attribute 
importance  to  "miasmatic  vapors"  from  the  water.  We  now  know  that  the 
Stegomyia  calopus  is  preeminently  "a  house  mosquito  and  a  town  mos- 
quito'' breeding  in  the  water  of  cisterns,  roof  gutters,  old  tin-cans,  etc., 
and  rarely  traveling  further  than  75  feet  from  the  house  in  which  it  has 
been  feeding.  The  screening  of  all  cases  of  yellow  fever,  and  the  drain- 
ing, or  oiling,  of  all  standing  water  to  eliminate  the  Stegomyia,  have  freed 
Havana,  Porto  Rico,  and  the  Panama  Canal  Zone  of  this  dread  disease. 

Symptoms. — The  incubation  period  is  3-5-13  days.  The  onset  is  sud- 
den with  chill,  fever,  tachycardia,  severe  pains  in  the  small  of  the  back  and 
in  the  extremities,  congestion  of  the  face  and  of  the  conjunctivae,  and  sore 
throat.  There  is  marked  tenderness  in  the  epigastrium  on  palpation,  and 
vomiting.  The  patients  give  off  a  "butcher-shop  odor."  The  definite  icte- 
rus, which  appears  on  the  third  day,  is  important  for  diagnosis.  In  from 
2  to  4  days,  there  is  a  sudden  fall  of  the  temperature  to  normal,  often  with 
collapse  and  exitus ;  in  non-lethal  cases,  defervescence  is  usually  by  lysis. 
The  remission,  in  other  cases,  lasts  only  a  few  hours,  and  is  generally 
followed  by  a  secondary  fever  of  1  to  3  days  duration ;  if  the  patient  live, 
gastric,  cardiac,  renal  and  hepatic  symptoms  appear.  Albuminuria  and 
cylindruria  are  found  more  constantly  and  earlier  in  yellow  fever  than  in 
any  other  infectious  disease.  Among  other  phenomena  often  observed  are 
hematemesis  (black  vomit),  enterorrhagia,  and  cardiac  insufficiency.  A 
frequent  finding  is  the  presence  of  an  increasingly  marked  bradycardia  with 
increasing  febrile  reaction.  The  patients  generally  appear  bright  men- 
tally ;  occasionally  deliria  develop.  The  mortality  is  variable  in  different 
epidemics  (15  to  90  per  cent).  Even  severe  cases  may  recover.  Re- 
lapses are  common.  In  times  of  epidemic  mild  and  abortive  cases  are 
often  met  with,  especially  in  children.  One  attack  gives  complete  im- 
munity. 

Diagnosis. — This  may  be  very  difficult,  especially  at  the  beginning  of  ati 
epidemic.  The  disease  must  be  differentiated:  (1)  from  malaria  (para- 
sites in  stained  smears  or  in  fresh  blood,  absence  of  early  jaundice,  larger 
spleen);  (2)  from  relapsing  fever  (spirochaetes)  ;  (3)  from  phosphorus 
poisoning  (anamnesis^  ;  (4)  from  acute  yellow  atrophy  of  the  liver  (con- 
vulsions; deliria)  ;  (5)  from  dengue  (absence  of  flushed  facies  of  yellow 
fever,  of  albuminuria  and  of  the  late  bradycardia  [Faget^s  sign  in  yellow 
fever],  and  of  the  early  jaundice). 
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C.   Disease  t)ue  to  Ashburn  and  Craig's  Vims 

Vims  of  Dengue  Fever. — This  filtrable  virus,  as  shown  by  Ashburn  and 
Craig,  -who  studied  the  disease  in  the  Philippines,  can  be  transmitted  by  mosqui- 
toes (CfUex  fatigans),  though  no  especial  cycle  seems  to  be  gone  through  by  the 
parasite  in  the  body  of  the  mosquito.  Contact  infection  may  occur,  but  is  prob- 
ably rare. 

L    Dengue  Fever 

Break-Bone  Fever,  Da/ndy  Fever 

Definition. — An  acute,  infectious,  non-fatal,  tropical  fever,  accompanied 
by  severe  pains  in  the  bones,  joints  and  muscles,  and  by  rashes  at  the  begin- 
ning and  at  the  end  of  the  disease;  due  to  a  filtrable  virus,  and  occur- 
ring, usually  in  the  hot  weather,  in  sharply  circumscribed  epidemics,  or 
occasionally,  sporadically. 

Symptoms. — After  an  incubation  period  of  from  3  to  5  days,  there  is 
sudden  fever  (105^-107°  F.),  with  headache,  chilly  sensations,  muscu- 
lar and  articular  pains,  and  a  skin  exanthem  (initial  erythema).  The 
joint  and  bone  pains  are  excruciating  and  ^nay  persist  for  many  weeks,. 
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The  fever  is  maximal  by  the  3rd  or  4th  day ;  then  there  is  apyrexia  for 
from  2  to  4  days,  followed  by  a  return  of  the  fever  and  the  pains.  The 
disease  is  associated  with  a  leukopenia.  The  non-itching  rash,  which  on 
the  4th  or  5th  day  usually  appears  on  the  palms  and  backs  of  the  hands, 
forearms,  chest  and  back,  consists  of  small  red  papules  and  macules,  not 
unlike  the  eruption  of  measles.  There  is  generally  lymphglandular  en- 
largement, which  may  persist  long  after  recovery.  On  the  6th  or  the  7th 
day,  the  temperature  falls  by  crisis,  and  the  disease  is  practically  over, 
though  the  skin  eruption  may  disappear  but  slowly.  In  convalescence, 
prostration  of  unusual  grade  may  be  present.  The  immunity  yielded  by  a 
single  attack  does  not  last  long  (1  year). 

Diagnosis. — Easy  enough  to  recognize  in  epidemics,  dengue  may  be  dif- 
ficult to  diagnosticate  in  the  first  few  cases.  In  the  differential  diagnosis 
we  have  to  distinguish  it  (1)  from  yellow  fever  (q.  v.)  ;  and  (2)  from  in- 
fluenza, in  which  the  pains  in  the  muscles  and  joints  are  less  severe,  and  the 
respiratory  catarrhal  symptoms  are  more  marked;  herpes  is  more  com- 
mon, and  the  B,  influenzce  is  present  in  the  sputum. 

References 

Ashburn  (P.  M.)  &  Craig  (C.  F.).    Irwesttgations  regarding  the  etiology  of  dengue  Jeeet, 

Phaipjyine  J.  Sc,  1907,  ii,  94-14^. 

Maruon  (Sir  P.).    Dengue.    In:  Syat.  Med.  (AUbtUt  &  RoUeston).    8^.    London,  1910,  ii, 

pt.  2,  S45S64. 


D.    Diseases  Due  to  Flexner  and  Noguchi's 

Filtrable  and  Cultivable  Virus 

(Flexneria  noguchii) 

Flexner  and  Nogachi's  Virus  of  the  Heine-Medin  Disease. — The  virus  of  acnte 
potiomyelitis  has  been  shown  by  Flexner  to  belong  to  the  class  of  filtrable  vimses. 
Nogachi  and  Flexner  have  recently  cultivated  it  (see  below),  and  though  supposed 
to  be  ultramicroscopicy  because  filtrable,  it  is  visible  in  stained  preparations  of 
cultures  and  of  infected  tissue,  being  a  small  sub-coccoid  body  (0.2  /a),  much  smaller 
than  any  known  bacterium. 

L    Heine-Medin  Disease 

Infantile  Paralysis,  Acute  Anterior  Poliomyelitis 

Definition. — ^An  acute,  infectious  disease  occurring  both  in  epidemics 
and  sporadically,  due  to  the  filtrable  and  cultivable  virus  Flexneria  no- 
guchii and  involving  different  parts  of  the  nervous  system,  often  localizing 
especially  in  the  anterior  horns  of  the  gray  matter  of  the  spinal  cord 
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(poliomyelitis  anterior),  but  also  localizing  in  the  cerebrum,  in  the  medulla 
oblongata,  in  the  cerebellum,  and  in  the  meninges,  to  a  variable  extent  in 
different  cases  (cerebral,  bulbar,  cerebellar,  polyneuritic,  meningeal,  and 
abortive  types). 

Historical. — Knowledge  of  the  disease  has  been  much  increased  since 
the  early  clinical  studies  of  Heine,  of  Cannstadt  (1840),  who  called  it  "in- 
fantile spinal  paralysis."  Striimpell  later  studied  forms  of  cerebral  paraly- 
sis which  he  thought  must  have  the  same  etiology  as  Heine's  disease.  A 
great  advance  came  through  the  studies  of  the  Swedish  observer  Medin 
(1890),  who,  in  an  epidemic,  recognized  that  while  spinal  paralysis  pre- 
dominates, there  occur  also  cerebral,  bulbar,  polyneuritic,  and  peculiar 
ataxic  forms  of  the  disease  evidently  due  to  the  same  virus.  The  careful 
studies  of  Wickmann  (1905-6)  in  Sweden  enlarged  our  views  of  the  Heine- 
Medin  disease  still  further,  as  he  demonstrated  the  existence  also  of  a 
meningitic  form,  of  a  form  following  the  course  of  Landry's  paralysis^  and, 
above  all,  of  an  abortive  form.  Wickmann  must  be  regarded  as  the  founder 
of  the  epidemiology  of  the  disease,  since  through  his  discovery  of  abortive 
types,  the  explanation  of  the  transmission  from  case  to  case  begins  to  be 
better  understood.  The  study  of  the  pathological  anatomy  of  the  disease 
began  with  Charcot's  observations  on  the  anterior  horns  and  has  made 
steady  progress  since,  being  contributed  to  in  this  country  especially  by 
S.  Flexner  and  his  colleagues.  In  1908  began  the  very  important  experi- 
mental studies  of  the  disease ;  in  that  year,  Landsteiner  and  Popper  suc- 
cessfully infected  monkeys  with  the  Heine-Medin  disease  by  intraperitoneal 
injection.  In  1909,  Flexner  and  Lewis  showed  that  the  disease  could  be 
kept  going  in  a  series  of  monkeys,  by  passing  it  from  monkey  to  monkey, 
a  fact  also  demonstrated  by  others  (Leiner  and  v.  Wiesner ;  Romer ;  Land- 
steiner and  Levaditi),  the  disease  being  most  easily  transmitted  by  intra- 
cerebral injections,  especially  after  a  "passage  virus''  has  been  obtained 
(Romer,  Flexner).     Other  animals  are  not  susceptible. 

These  findings  gave  an  enormous  spur  to  the  study  of  the  etiology  of  the 
disease.  It  was  soon  shown  that  the  juices  of  the  nervous  system  of  an 
infected  animal,  when  filtered  through  a  jx>rcelain,  or  other  filter,  are  still 
capable  of  infecting  monkeys  (Flexner  and  Lewis,  Landsteiner  and  Leva- 
diti) ;  in  other  words,  the  disease  is  due  to  a  so-called  filtrable  virus. 
The  virus  is  very  resistant  to  glycerin ;  it  retains  its  virulence  in  diluted 
^ycerin  142  days  (Romer)  ;  even  in  33  per  cent  glycerin  it  may  be  fully 
virulent  after  202  days  (Levaditi,  Landsteiner  and  Pastia).  In  this 
respect  it  resembles  the  virus  of  rabies  and  that  of  vaccinia.  It  stands 
cold  well,  retaining  its  virulence  when  kept  frozen  for  at  least  11  days.  It 
is  enfeebled  by  a  temperature  of  45°  C.  and  is  killed  after  heating  for  half 
an  hour  at  55°  C.  It  is  not  killed  by  drying.  It  can  live  for  some  time  in 
sterile  water  or  sterile  milk,  apparently  without  multiplication.  Recently, 
Flexner  and  Noguchi  (1913)  have  grown  the  virus  outside  the  body,  in 
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ascites-fluid  agar  containing  a  piece  of  normal  rabbit's  kidney,  the  whole 
culture  being  covered  with  a  layer  of  parafl^  The  anaerobic  colonies 
appear  as  a  turbidity  in  the  medium.  On  staining  with  one  of  the  Koma- 
nowsky  stains  minute  violet  rounded-oval  bodies,  singly,  in  pairs,  and  in 
chains,  can  be  seen ;  they  are  Gram-positive ;  examined  fresh  in  the  dark 
field,  they  are  non-motile.  The  average  diameter  is  0.2  ft.  Monkeys 
inoculated  with  the  virus  develop  the  disease,  even  when  the  virus  used 
has  been  grown  for  20  generations  on  an  artificial  medium.  The  minute 
parasite  is  visible  in  sections  of  the  affected  nervous  tissue,  on  careful 
search.  Since  the  parasite  of  kala-azar  has  been  named  Leishmania  dono- 
vani,  might  we  not  do  well  to  give  to  this  virus  of  the  Heine-Medin  disease 
the  name  Flexneria  noguchii?  Now  that  one  filtrable  virus  has  been  culti- 
vated in  vitro,  and  has  become  visible  on  microscopic  examination,  there  is 
reason  to  hope  that  we  are  on  the  threshold  of  a  new  era  as  regards  our 
knowledge  of  diseases  due  to  filtrable  viruses.  (See  also  Noguchi's  studies 
of  rabies-virus.) 

Transmission  by  insects  has  been  suspected.  That  the  virus  may  be 
transmitted  from  one  monkey  to  another  through  the  bite  of  the  stable-fly 
{Stomoxys  calcUrans)  has  been  demonstrated  by  Kosenau. 

The  prevalence  of  the  disease  has  been  increased  all  over  Europe  and 
America  in  recent  years.  The  virus  is  concentrated  in  the  central  nervous 
system  (spinal  cord)  of  infected  persons  and  animals.  One  one-hundredth 
of  1  C.C.  of  an  emulsion  of  spinal  cord  will  infect  a  monkey.  In  infected 
persons  and  animals,  the  virus  is  present  in  (1)  the  nervous  tissues,  (2) 
the  mesenteric  glands  (Flexner  and  Lewis),  (3)  in  the  tonsils  and  throat 
(Flexner  and  Clark,  Landsteiner,  Levaditi  and  Pastia)  ;  in  one  instance, 
it  has  been  possible  to  demonstrate  it  in  washings  of  the  mouth  of  the 
healthy  parents  of  a  poliomyelitic  child  (Flexner,  Clark  and  Eraser).  It 
may  also  be  present  in  the  feces.  It  is  probable  that  the  virus  can  be 
carried  for  months,  or  perhaps  for  years,  in  a  virulent  state,  in  the  throat 
and  tonsils.  Such  virus  carriers  must  be  a  great  menace  to  a  community. 
The  blood  and  cerebrospinal  fluid  as  a  rule  are  free  from  the  virus.  The 
virus  appears  to  travel  along  the  perineural  lymph  channels  into  the  cen- 
tral nervous  system,  rather  than  by  way  of  the  blood  vessels ;  here,  again, 
it  is  like  rabies.  The  elective  affinities  of  the  virus  for  the  nervous  system 
on  the  one  hand  and  for  the  lymphatic  system  on  the  other  are  striking 
features  of  the  Heine-Medin  disease. 

Immunity. — A  high  degree  of  immunity  is  yielded  by  a  single  attack. 
Areas  in  which  the  disease  is  epidemic  in  one  year  may  be  singularly  free 
from  it  during  epidemics  of  the  next  succeeding  years.  The  blood 
serum  of  a  person  who  has  had  the  disease  will  neutralize  fatal  doses  of 
the  virus  (Anderson  and  Frost ;  Flexner  and  Lewis ;  Landsteiner  and 
Levaditi ;  Netter  and  Levaditi ;  Eomer)  ;  the  principle  can  be  used  to  cor- 
roborate the  clinical  diagnosis  (q^  v,)  in  abortive  cases.    Monkeys  that  have 
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had  the  disease  and  have  recovered,  with  residual  paralysis,  cannot  be 
experimentally  re-infected  (Romer).  Attempts  to  immunize  by  applying 
the  method  used  by  Pasteur  in  rabies  are  not  devoid  of  danger,  since 
drying  the  spinal  cord  does  not  always  attenuate  the  virus.  More  can  be 
expected  from  attenuation  by  heating  to  50°  C.  (Romer ;  Landsteiner; 
Levaditi  and  Pastia),  or  by  treating  the  virus  with  1  to  li/>  per  cent 
carbolic  acid  for  6  days  (Kraus).  The  most  hopeful  experiments  in  the 
direction  of  a  prophylactic  immunization  for  man  would  seem  to  be  by 
serovaccination  (Romer). 

Human  beings  are  probably  infected  by  way  of  the  upper  respiratory 
passages  (nose  and  throat),  possibly  also  by  way  of  the  digestive  tract. 
The  possibility  of  infection  by  insect  bites  has  been  referred  to  above. 

Occurrence  in  Epidemics. — Large  epidemics  apparently  did  not  occur 
until  about  30  years  ago,  though  sporadic  cases  of  the  disease  have  been 
known  for  over  a  century.  Up  to  1907,  the  large  epidemics  were  confined 
to  Scandinavian  countries;  since  1907,  large  epidemics  have  occurred  in 
most  civilized  countries  (United  States,  Canada,  Cuba,  Germany,  Austria, 
France,  the  British  Isles,  Russia  and  Australia.)  In  1911,  6,000  cases 
occurred  in  Sweden  alone.  Of  all  cases,  96  per  cent  occur  before  the  10th 
year  of  life,  90  per  cent  before  the  5th  year,  and  over  75  per  cent  during 
the  first  3  years  of  life  (Ed.  Miiller).  The  well-to-do  families  are  affected 
just  as  often  as  the  poor.    Race  has  no  effect  on  disposition. 

Contagiosity. — The  disease  always  comes  from  a  preexisting  human 
case,  either  directly  or  indirectly.  There  is  no  evidence  that  it  is  spread 
by  water,  milk,  fruit  or  other  foods.  As  the  virus  resists  drying,  it  is  pos- 
sible that  it  may  be  spread  by  inanimate  objects  {fomites)^  that  have  been 
contaminated  by  a  person  sick  of  the  disease,  or  by  a  healthy  carrier.  It 
is  asserted  that  the  dust  from  the  sick-room  injected  into  monkeys  will 
give  rise  to  the  disease  (Neustadler  and  Throo,  1911).  Again,  it  is  said 
that  shoemakers  or  their  children  are  often  affected  (Eichelberg). 
Further,  Hill,  in  Minnesota,  found  that  cases  of  poliomyelitis  were  most 
common  on  dusty  streets;  but  Lovett  and  Sheppard  (1914)  could  make 
out  no  relation  to  dust.  Other  ^ints  in  favor  of  the  possibility  of  infection 
by  fomites  are  (1)  the  infection  of  monkeys  by  extracts  of  handkerchiefs 
used  by  poliomyelitis  patients  ( Josefson)  ;  (2)  the  entrance  of  a  new 
family  into  a  house  in  which  there  had  been  cases  of  poliomyelitis  has 
been  followed  by  cases  of  the  disease  among  the  incomers. 

As  to  transmission  by  insects,  the  frequency  of  the  disease  in  August 
and  September,  the  proof  that  flies  may  be  contaminated  by  the  virus  and 
the  latter  retain  its  virulence  for  at  least  several  days  (Flexner  and  Clark; 
Howard  and  Clark),  the  experiment  in  which  the  stable  flies  (Stomoxys 
calcitrans)  were  allowed  to  suck  blood  from  paralyzed  monkeys  and  to 
bite  healthy  monkeys,  transmitting  the  disease  (Rosenau ;  Anderson  and 
Frost),  are  among  the  points  of  evidence  adduced  in  its  favor.    But  none 
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of  these  is  convincing.  Against  the  view  are  the  following  facts:  (1) 
Lice  and  mosquitoes  do  not,  on  biting  infected  monkeys,  become  con- 
taminated with  the  virus  (Howard  and  Clark)  ;  (2)  the  virus  is  rarely 
present  in  the  blood;  (3)  epidemics,  though  commonest  in  autumn,  may 
also  occur  in  mid-winter;  and  (4)  the  disease  may  break  out  miles  away 
from  any  other  case,  and  so  must  be  brought  by  human  intermediators 
(Ed.  MuUer). 

Since  (1)  the  portal  of  entry  is,  in  all  likelihood,  the  lymphatic  tissue 
of  the  mouth,  throat,  nose  and  pharynx  (possibly,  also,  of  the  intestine), 
(2)  the  virus  remains  for  a  long  time  virulent  in  the  secretions  from  the 
mouth  and  nasopharynx  of  patients,  convalescents,  and  healthy  contacts, 
and  (3)  the  disease  undoubtedly  develops  in  persons  coming  in  contact 
with  those  infected  or  near  the  infected,  it  seems  probable  that  the  trans- 
mission is  ordinarily  direct  from  one  human  being  to  another,  without 
the  intermediation  of  fomiteSy  or  of  insects.  Whether  this  occurs  by 
"droplet  infection,"  or  by  inamediate  contact,  or  by  both,  we  do  not  yet 
know. 

Certain  points  still  remain  to  be  cleared  up :  (1)  the  marked  prevalence 
of  the  disease  in  Northern  climates;  (2)  the  predominant  prevalence  in 
August  and  September ;  (3)  the  greater  predisposition  of  people  in  country 
districts  and  in  thinly  populated  areas;  (4)  the  absence  of  tendency  to 
contact  infection  among  monkeys,  when  diseased  and  healthy  are  permit- 
ted to  intermingle;  and  (5)  the  absence  of  tendency  to  infection  among 
doctors,  nurses,  and  laboratory  experimenters  working  with  the  disease. 
It  is  probable  that  in  every  epidemic  an  enormous  number  of  abortive 
infections  occur  and  give  immunity. 

Prophylaxis. — This  must  be  very  difficult,  if  the  ideas  regarding  direct 
transmission,  above  outlined,  are  correct.  The  danger  from  convalescents, 
from  abortive  cases,  and  from  healthy  contacts  who  become  carriers,  must 
be  very  great.  The  conditions  seem  to  be  similar  to  those  in  epidemic 
cerebrospinal  meningitis. 

Quarantine  methods  are  worthless;  the  danger  is  less  often  from  the 
actually  sick  than  from  healthy  people  around  them  ( Wickmann ;  Wem- 
stadt,  1911).  Similarly,  compulsory  disinfection  of  linen,  clothing,  etc,, 
offers  but  little  hope,  and  seems  hardly  worth  while. 

In  epidemic  times,  the  schools  should  be  closed ;  at  any  rate  the  sibs  of 
affected  children  should  not  be  permitted  to  go  to  school,  as  they  may  act 
as  carriers.  Children's  parties  should  not  be  held.  Funerals  after  deaths 
from  poliomyelitis  should  be  private. 

When  the  disease  is  prevalent,  each  child  should  have  its  own  handker- 
chief, and  should  never  use  the  handkerchief  of  another  child,  or  that  of  a 
parent.  Towels,  handkerchiefs,  etc.,  used  by  patients  should  be  sterilized 
by  boiling.  House  disinfection  is  advisable  after  poliomyelitis,  though  it 
is  probable  that  the  inmates  have  become  carriers  through  contact 
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Mouth  washes  are  of  doubtful  efficacy.  If  one  is  used  at  all,  probably 
a  1  per  cent  solution  of  hydrogen  peroxid  is  best;  if  desired,  2  per  cent 
potassium  permanganate  may  be  added. 

Symptoms. — The  incubation  period  varies  from  5  to  10  days,  averaging 
a  week.  Exceptionally  it  may  be  shorter,  1-3  days,  or  longer,  15  days. 
In  monkeys  it  averages  about  10  days,  but  may  last  33  days  (Flexner  and 
Lewis),  or  even  46  days  (Leiner  and  von  Wiesner). 

The  children  sicken  with  signs  of  an  infection  often  taken  to  be  ton- 
sillitis or  influenza.  There  may  be  vomiting,  diarrhea,  slight  fever, 
accelerated  pulse,  sweats,  mental  dullness,  sometimes  an  exanthem,  rarely 
herpes  labialis  (in  contrast  with  cerebrospinal  meningitis),  occasionally 
herpes  zoster,  and,  very  rarely,  convulsions;  at  first  there  may  be  signs 
of  meningeal  irritation,  with  rigidity  of  the  neck,  and  general  cutaneous 
hyperesthesia,  suggestive  of  meningitis.  Usually  there  is  a  leukopenia 
(3,000-8,000  W.B.C.)  ;  occasionally,  a  leukocytosis  (10,000-30,000).  At 
this  time  the  cerebrospinal  fluid  shows  but  few  changes;  it  is  clear;  the 
pressure  is  increased ;  the  protein  content  is  high ;  there  is  slight  lymphocy- 
tosis, and  cultures  are  sterile — findings  in  marked  contrast  with  those  in 
cerebrospinal  meningitis. 

In  from  1  to  7  days  later,  the  paralytic  stage  is  entered  upon ;  in  the 
SPINAL  FOKM,  paralvsis  is  noticed  in  one  leg,  or  arm,  or  in  two,  three, 
or  four  extremities  simultaneously.  The  lower  extremities  are  involved 
in  about  four-fifths  of  the  cases  (E.  Miiller).  The  M.  quadriceps  and  the 
Mm.  peronei  are  most  often  involved,  the  muscles  of  the  shoulder  girdle 
and  the  abdominal  muscles  frequently.  Paralysis  of  the  diaphragm  and 
of  the  intercostal  muscles  may  occur.  The  muscles*  innervated  by  the  cere- 
bral nerves  are  sometimes,  though  rarely,  paralyzed.  Occasionally,  there 
is  paralysis  of  the  muscles  of  the  neck  and  back ;  the  child's  head  droops, 
or  he  "falls  together  in  a  heap." 

It  is  characteristic  of  the  paralysis  in  the  Heine-Medin  disease  that  it 
assumes  its  full  development  immediately,  having  its  widest  distribution, 
usually,  at  the  time  of  its  first  appearance.  It  is  a  lower  motor  neuron 
paralysis  (flaccid ;  reaction  of  degeneration^  at  the  end  of  a  week ;  loss  of 
reflexes).  The  deep  reflexes  are  lost,  if  the  muscles  concerned  are  para- 
lyzed; otherwise  they,  and  the  cutaneous  reflexes,  are  usually  unaltered. 
The  sphincters  are  normal.  The  findings  in  the  cerebrospinal  fluid  at 
different  stages  of  the  disease,  reported  from  the  Hospital  of  the  Rocke- 
feller Institute,  are  interesting  (q.  v,). 

The  stage  of  repair  now  sets  in,  and  continues  for  1-1 J  years.  Within 
the  first  few  weeks,  there  is  usually  a  marked  recovery  from  the  paralysis, 
with  concentration  of  the  residual  paralyses  in  certain  groups  of  muscles 
(those  in  which  the  reaction  of  degeneration  has  been  outspoken).  In 
these  residual  paralyses,  the  topography  usually  corresponds  to  the  seg- 
ments of  the  spinal  cord  in  which  the  anterior  horn  cells  have  been  injured, 
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Later  on,  as  a  result  of  the  degenerative  atrophy,  contractures  develop  in 
the  antagonists  of  the  paralyzed  muscles  and  cause  paralytic  club-foot, 
flat-foot,  etc.  The  bones  remain  backward  in  their  development  Loose 
joints  develop.  Scoliosis  or  kyphosis  may  result.  The  affected  extremity 
is  cool,  cyanotic,  and  often  edematous  for  a  time. 

In  the  CEREBRAL  FORM  of  the  Heine-Medin  disease,  the  clinical  picture 
is  that  of  an  infantile  cerebral  palsy ;  undoubtedly  some  of  the  cases — ^not 
all — of  the  Striimpell  type  of  acute  hemorrhagic  encephalitis  are  examples 
of  the  Heine-Medin  disease.  Occasionally  a  monkey  manifests  the 
cerebral  form  after  experimental  infection;  a  typical  meningoencepha- 
litis is  then  found  on  histological  examination,  the  lesions  being  simi- 
lar in  type  to  those  found  in  the  spinal  cord  in  the  spinal  form  of  the 
disease. 

In  the  cases  taking  the  form  of  Landry's  paralysis,  we  have  to  deal 
with  a  peracute  and  fatal  form  of  the  Heine-Medin  disease  (Wickmann). 
The  paralysis  begins  in  the  lower  extremities,  quickly  ascends,  involving 
the  arms  and  the  bulbar  centers,  ending  in  death  in  a  few  days.  Should 
the  paralysis  begin  in  the  arms,  it  descends  to  the  leg  centers  in  the  lumbar 
cord  and  ascends  to  the  medulla  and  pons.  Similar  cases  are  met  with  in 
monkeys  experimentally  infected  (Flexner  and  Lewis ;  Komer)  ;  in  one 
monkey  the  paralysis  advanced  with  great  rapidity,  and  death  occurred 
a  few  hours  after  the  paralysis  was  first  observed. 

In  the  BULBAR  AND  PONTINE  FORMS  of  the  Hcine-Modin  disease,  the 
involvement  of  the  cerebral  nerves  dominates  the  clinical  picture.  The 
nucleus  N.  facialis  is  most  often  injured  usually  on  one  side  only,  and 
frequently  with  simultaneous  involvement  of  the  nucleus  N.  hypoglossi — a 
true  polioencephalitis  inferior.  More  rarely,  the  nucleus  N.  oculomotorii, 
the  nucleus  N.  trochlearis,  and  the  nucleus  N.  abducentis  are  injured 
(polioencephalitis  superior).  The  motor  nucleus  of  the  N.  trigeminus 
may  be  attacked ;  the  nuclei  of  the  other  motor  cerebral  nerves  (N.  vagus, 
N.  glossopharyngeus,  N.  accessor ius)  are  but  rarely  affected.  In  the 
experimental  disease  in  monkeys,  the  results  resemble  the  disease  in 
human  beings.  In  all  the  bulbar  and  pontine  forms,  there  is  usually  some 
simultaneous  spinal  paralysis. 

In  the  ATAXIC  form  of  the  disease  (Medin),  the  clinical  picture 
resembles  that  of  Friedreich's  ataxia  (q,  v.).  It  is  due  to  lesions  of  the 
cerebellum  or  of  the  cerebellar  paths  in  the  spinal  cord,  the  medulla  oblon- 
gata, the  pons  or  the  mid-brain.  As  far  as  I  know,  this  form  has  not  yet 
been  reproduced  in  monkeys.  It  seems  likely  that  some  of  the  cases  of 
"acute  ataxia  in  children"  described  by  neurologists  are  instances  of  un- 
suspected Heine-Medin  disease. 

In  the  so-called  polyneuritic  form  of  the  disease,  the  symptoms  are 
those  of  a  multiple  neuritis  (pains,  paresthesias,  paralysis),  but  in  cases 
that  come  to  autopsy,  the  actv/il  lesions  are  found  to  be  meningomyeliiic^ 
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I  saw  a  remarkable  example  of  this  type  in  1906  with  Dr.  G.  H.  Field  of 
Cobourg,  Ontario.  The  patient,  a  young  girl,  after  an  attack  resembling 
influenza  with  sore  throat,  began  to  have  excruciating  pains  all  over  the 
body  with  extreme  cutaneous  hyperesthesia  and  sweats.  She  would  cry 
out  when  her  bed  was  approached.  After  a  few  days  there  was  paralysis 
of  both  legs  and  partial  paralysis  of  one  arm.  We  made  the  diagnosis 
of  acute  "anterior  poliomyelitis,  complicated  by  multiple  neuritis."  The 
child  recovered  though  there  is  considerable  residual  paralysis. 

In  the  MENiNGiTic  FOEM,  the  symptoms  due  to  the  meningeal  infiltra- 
tion dominate  the  clinical  picture.  The  rigidity  of  the  neck,  the  pain  in 
the  back,  the  tendency  to  opisthotonos,  the  positive  Kernig's  sign,  the 
headache  and  the  vomiting  all  point  to  meningeal  irritation.  A  meningitis 
does  exist  but  it  is  only  a  part  of  the  general  meningomyelitic  process. 
Cytodiagnostic  and  bacteriodiagnostic  methods  applied  to  the  cerebrospinal 
fluid  (q,  V.)  quickly  differentiate. 

In  the  ABORTIVE  forms  of  the  Heine-Medin  disease,  first  recognized  by 
Wickmann,  no  outspoken  paralyses  occur,  though  the  prodromal  symptoms 
may  be  present  to  a  greater  or  less  extent,  (fever  and  sweating,  with 
symptoms  suggesting  a  respiratory,  a  gastro-intestinal,  a  meningeal,  or 
a  general  influenzal  infection).  One  sees  every  transition  between  these 
forms  with  no  paralysis,  through  the  forms  in  which  there  are  transitory 
slight  pareses  of  one  or  of  several  muscle  groups,  or  temporary  loss  of  deep 
reflexes — ^the  so-called  "rudimentary  poliomyelitis"  of  E.  Miiller — to  the 
outspoken  monoplegias,  paraplegias,  and  quadriplegias. 

It  is  now  believed  that  in  large  epidemics  of  the  Heine-Medin  disease 
from  ^  to  i  of  all  the  infections  are  abortive  forms!  These  forms  can 
now  often  be  recognized  by  the  clinician,  especially  if  he  resort  to  sero- 
diagnostic  methods.     (See  Diagnosis.) 

Prognosis. — The  mortality  varies  much  in  different  epidemics,  accord- 
ing to  Wickmann  from  10-42.3  per  cent.  It  was  formerly  believed  that 
the  disease  is  rarely  fatal;  that  belief  was  due  to  a  failure  to  recognize 
the  fatal  cases  as  the  Heine-Medin  disease,  physicians  taking  them  to  be 
cerebrospinal  meningitis,  Landry's  paralysis,  etc.  Death,  when  it  occurs, 
usually  takes  place  on  the  4th  or  5th  day.  The  mortality  is  greater  in 
adults  {poliomyelitis  acuta  adultorum)  than  in  children  (2  or  3  to  1). 
A  great  many  patients  recover  without  any  residual  paralysis.  In  children 
this  is  true  of  nearly  half  the  cases ;  in  patients  over  11  years  old,  of  about 
i.  In  Lovett  and  Sheppard's  experience,  13.5  per  cent  of  all  the  paralyzed 
cases  ultimately  recovered  completely,  without  residue.  Wickmann  assures 
us  that  we  can  count  on  20  per  cent  of  complete  recoveries  without  residue 
in  the  cases  suffering  from  paralysis. 

The  mortality  is  much  greater  among  inoculated  monkeys:  With  ordi- 
nary virus  f  of  the  animals  die;  with  passage-virus,  the  mortality  ap' 
preaches  100  per  cent  (Flexner  and  Lewis;  Romer). 
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Pathology. — This  has  been  carefully  studied  and  described.  In  1870,  Char- 
cot studied  the  after  effects  (loss  of  anterior  horn  cells).  In  1888,  Rissler 
made  a  study  of  fresh  cases,  at  autopsy  Recently,  human  and  monkey  tissues 
have  been  studied  with  great  care,  especially  by  Flexner  and  his  co-workers,  who 
have  shown  that  the  process  involves  the  organs  of  the  body  as  a  whole,  and  that 
the  involvement  of  the  anterior  horns  is  incidental  to  this  general  process.  The 
virus  injures  and  destroys  the  ganghon  cells  of  the  anterior  horns,  partly  by 
direct  intoxication,  but  chiefly  through  local  perivascular,  lymphangitic  changes. 
In  the  nervous  system,  the  lesions  are  those  of  a  widely  disseminated  meningo- 
encephalomyelitis.  Batten  (1904)  had  attributed  most  of  the  paralyses  to  throm- 
boses in  the  anterior  spinal  arteries. 

A  peculiarity  of  poliomyelitis  lies  in  the  fact  that  it  is  an  acute  perivascular 
inflammation  with  lymphocytic  infiltration,'  not  limited  to  the  anterior  horns 
(though  predominant  there),  but  involving  also  the  arteries  and  veins  in  different 
parts  of  the  gray  matter,  including  the  posterior  horns  and  the  spinal  ganglia; 
in  the  nervous  system,  the  lesions  are  those  of  a  widely  disseminated  meningo- 
encephalomyelitis.  The  infection,  as  we  have  seen,  spreads  through  the  perineural 
and  perivascular  Ijrmph  vessels.  Macroscopically,  there  may  be  but  little  to  be 
made  out;  but  microscopically,  the  histological  changes  are  so  extensive  that  one 
wonders  that  the  clinical  symptoms  are  not  more  pronounced  than  they  are.  The 
infiltration  of  the  pia,  the  dilatation  of  the  veins  in  the  gray  matter,  the  ]>eri- 
vascular  accumulations  of  small  mononuclear  cells,  the  neuronophi^^y  of  the  ante- 
rior horn  cells,  make  a  characteristic  histological  picture.  The  swelling  of  the 
mesenteric  lymph  glands,  of  Peyer's  patches  and  of  the  soUtary  follicles  in  the 
intestine  is  emphasized  by  Flexner,  Peabody  and  Draper,  who  have  made  a  report 
on  the  visceral  lesions  of  human  cases.  It  is  remarkable  that  such  a  dissem- 
inated infiltrative  lymphocytic  inflammation,  involving  so  many  tissues  through- 
out the  body,  should,  in  the  majority  of  cases,  give  rise  to  a  cHnical  picture 
simulating  a  "system-disease"  of  the  spinal  cord  (anterior  horn  cells).  It  is 
probably  simply  owing  to  the  richness  of  the  anterior  horns  in  blood-vessels  and 
in  lymphatics  that  these  cell-bodies  of  the  lower  motor  neurons  are  picked  out  I 

Diagnosis. — This  is  easy  enough  in  the  spinal  form  after  the  paralytic 
symptoms  have  appeared,  and  it  may  be  suspected,  and  made  earlier  in 
epidemics,  from  the  presence  of  fever,  sweats,  general  hyperesthesia,  and 
the  findings  in  the  cerebrospinal  fluid  above  described.  The  disease  in  its 
earlier  stages  and  in  the  atypical  forms  is  most  often  mistaken  for  in- 
fluenza, polyarthritis,  polyneuritis,  muscular  rheumatism,  tonsillitis,  gastro- 
enteritis, typhoid  fever,  or  meningitis. 

In  the  early  stage,  the  general  hyperesthesia  is  characteristic.  There  is 
a  tendency  to  profuse  sweats.  The  leukopenia,  or,  at  any  rate,  absence  of 
leukocytosis  in  spite  of  high  fever,  is  helpful.  The  sleepiness  in  the  day- 
time, with  restlessness  at  night,  the  diminished  muscle  tonus,  and  the  early 
loss  of  reflexes  in  limbs  that  later  become  paralyzed,  and  of  the  abdominal 
reflexes,  are  important  early  signs.  The  forms  other  than  the  spinal  form 
are  very  often  incorrectly  diagnosed. 

Serodiagnosis  of  the  Heine-Medin  Disease. — In  the  blood  of  human  bemgs, 
and  of  monkeys  that  have  had  the  disease  and  recovered  from  it,  specific  anti- 
bodies are  present,  which  neutralize  the  virus  (Flexner  and  Lewis;  Romer  and 
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E.  Miillery  et  al.) ;  in  the  serum  of  human  beings  that  have  not  had  the  disease, 
these  specific  antibodies  are  not  present  (Kling  and  Levaditi).  By  serodiagnosis, 
therefore,  we  have  a  method  that  permits  us  to  decide  whether  a  person  has  had 
the  Heine-Medin  disease  earUer  or  not,  for  the  antibodies  are  very  persistent, 
remaining  active  in  the  blood  certainly  for  many  years  after  the  infection,  perhaps 
through  the  whole  of  life.  By  serodiagnosis,  it  has  been  provied  (1)  that  sporadic 
cases  that  recover  have  the  same  antibodies  as  those  that  occur  in  epidemic  cases, 
the  etiology  of  the  two  therefore  being  doubtless  identical  (Netter  and  Levaditi); 
(2)  that  after  abortive  attacks,  the  antibodies  are  present  in  the  blood,  just  as 
after  severer  attacks,  a  fact  of  great  importance  for  epidemiological  studies 
(Romer) ;  (3)  that  among  healthy  contacts,  the  blood  in  many  instances  contains 
the  antibodies  (Kling  and  Levaditi),  thus  supporting  the  view  that  in  epidemics 
a  large  number  of  people  have  a  mild  infection  and  acquire  immunity  without 
knowing  anything  about  it;  and  (4)  that  some  cases  of  the  Striimpell  type  of 
acute  encephalitis  in  children  have  been  infections  with  the  virus  of  Heine-Medin 
disease  (Miiller  and  Romer). 

This  method  involves  mixing  some  of  the  serum  to  be  tested  with  an 
amount  of  virus  known  to  be  capable  of  producing  the  disease  in  a  monkey. 
If  on  injection  of  the  mixture  into  a  susceptible  animal  the  disease  does 
not  develop  it  is  assumed  that  the  virus  has  been  neutralized  by  immune 
bodies  in  the  serum. 

Differential  Diagnosis. — We  differentiate  the  disease  (1)  from  menirir 
giiis,  meningococcal,  pneumococcal,  influenzal,  or  tuberculous  (cytodiag- 
noeis  and  bacteriodiagnosis  on  lumbar  puncture,  greater  rigidity  of  neck 
and  spine,  severer  headache,  changes  in  eye  grounds,  greater  disturbance 
of  consciousness)  ;  (2)  from  inflv>enza  (catarrhal  phenomena  more  in  the 
foreground,  rather  than  the  pain  and  hyperesthesia;  sputum)  ;  (3)  from 
scarlatina  with  angina  (may  be  impossible  to  differentiate  early;  later, 
serodiagnosis).    Later  in  the  disease,  we  have  to  distinguish  poliomyelitis 

(4)  from  true  polyneuritis  (slower  development,  paralyses  not  complete 
at  beginning,  edema  occurs  earlier,  objective  sensory  disturbances  usually 
more  marked  and  last  longer,  cerebral  nerves  more  often  involved,  periph- 
eral nerve  topography  rather  than  radicular  topography  of  paralysis, 
paralysis  more  distal  in  extremities  and  often  bilaterally  symmetrical)  ; 

(5)  from  other  forms  of  acute  myelitis  (involvement  of  pyramidal  tract 
and  sphincters,  sensory  disturbances);  (6)  from  amyotonia  congenita 
(fl-  v-);  (7)  from  paresis  in  rickets  (slower  onset,  non-febrile);  (8) 
from  hematomyelia  (afebrile,  dissociated  anesthesias) ;  (9)  from  cerebro- 
spinal lues;  and  (10)  from  progressive  muscular  atrophy. 
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E.   Other  Diseases  Due  to  Filtrable  Viruses 

L    Foot  and  Mouth  Disease 

The  filtrable  virus  of  Loeffler-Frosch  is  the  cause  of  foot  and  month  disease 

(stomatitis  epidemica),  which  sometimes  attacks  human  beings.     Siegel  asserts 

that  he  finds  extremely  minute  coccoid  bodies  in  the  lesions.    The  disease  is  most 

often  contracted  by  young  children  through  raw  milk.     In  persons  coming  into 

contact  with  infected  cattle,  pigs,  sheep  or  goats,  the  transmission  may  be  direct. 

After  certain  prodromata  (fever,  headache,  pains  in  the  limb,  anorexia,  con- 
stipation, nausea,  and  dry  mouth),  red  spots  appear  on  the  mucous  membrane  of 
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the  mouth.  These  soon  become  vesicular  with  contents  serous  at  first,  later,  turbid. 
The  tongue  swells  and  there  is  salivation.  In  a  few  days,  the  vesicles  fupture, 
leaving  superficial  ulcers  behind,  which  as  a  rule  soon  heal.  The  fingers  and  toes 
may  show  vesicles  also.    Most  patients  recover. 

In  1915  one  of  the  students  at  the  Johns  Hopkins  Medical  School  developed  the 
disease  in  typical  form.  The  case  has  been  carefully  described  in  the  paper  by 
Dr.  P.  W.  Clough. 
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2.    Pappataci  Fever 

The  fdtrahle  virus  of  Doerr  and  Buss  is  the  cause  of  the  three-day 
fever  which  occurs  on  the  shores  of  the  Adriatic  known  as  pappataci  fever; 
it  is  transmitted  through  the  bite  of  a  gnatlike  dipterous  insect  (Phleboto- 
mus  pappatacii).  The  disease  may  be  mistaken  for  abortive  typhoid  or 
for  mild  undulant  fever. 
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3.    Transmissible  Sarcoma 

The  fiUrable  virus  of  Peyton  Rous  has  been  shown  to  be  capable  of 
reproducing  sarcoma  in  mice ;  thus  far,  we  are  not  sure  of  the  existence  of 
this  virus  in  sarcomatous  human  beings. 
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Fig.  124. — Cnlture  of  tbe  Ehrllcb  Rat  aarcoma.  Tbe  Central  and  Completclr  Opaque  Han  Ii 
the  OrtKloal  Tumor  FrngmoDt.  Tbe  New  Cells  are  Arranged  Irregularly  TbrouKbont  the 
Surrounding  Modlum-Ilt'DiBtai;Ila  Slnin.  (After  A.  Carrel  and  U.  T.  Burrows,  "Stadle* 
from  tbe  Rockefeller  Inat.  for  Med.  Rea.."  Reprinted  from  J.  Eip.  Med.) 
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IV.  DISEASES  DUE  TO  UNKNOWN  INFECTIOUS  AGENTS 

Under  this  heading  will  be  discussed  (1)  The  Acute  Exanthemata, 
and  (2)  Mumps. 


A.    The  Acute  Exanthemata 

The  acute  exanthemata  include  (1)  scarlet  fever,  (2)  measles,  (3) 
rubeola,  (4)  the  fourth  disease,  (5)  chickenpox,  (6)  smallpox,  (7) 
sweating  sickness,  and  (8)  Rocky  Mountain  spotted  fever. 
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1.    Scarlet  Fever  (Scarlatina) 

Definition. — A  highly  contagious  disease  of  unknown  etiology,  accom- 
panied by  sore  throat,  a  diffuse  red  eruption  on  the  skin,  and  often  fol- 
lowed by  acute  glomerulonephritis. 

Etiology  and  Epidemiology. — Scarlet  fever  has  been  known  since  the 
epoch-making  descriptions  of  the  London  epidemics  of  1661-1675  by 
Sydenham.  The  disease  often  occurs  in  epidemics,  which  vary  greatly  in 
severity.  Some  epidemics  are  so  mild  that  they  are  not  recognized  as 
scarlet  fever  at  all,  though  the  next  year  the  epidemic  may  be  of  a  much 
more  virulent  type.  They  are  most  common  in  autumn  and  winter,  rare 
in  summer.  Sporadic  cases  are  common.  Susceptibility  to  the  disease 
is  far  less  general  than  in  measles. 

The  most  important  predisposing  factor  is  age,  over  85  per  cent  of 
the  cases  being  in  children  before  the  age  of  puberty. 

The  source  of  the  infective  agent  is  not  positively  known,  but  it  is 
believed  that  the  disease  is  spread  through  the  nasal,  oral,  and  bronchial 
secretions  of  infected  persons,  and  probably  mainly  through  desquamated 
scales. 

The  infective  agent  is  unknown.  Some  believe  it  to  be  a  streptococcus ; 
others  assume  a  protozoon  invasion  (Cyclosterion  scarlatinm  of  Mallory; 
Chrystanzoon  scarlatinas  of  Gamalia;   leukocytic   inclusions  of  Dohle), 
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The  virus  is  very  resistant  to  light,  to  heat,  and  to  drying.  It  may  be 
transmitted  by  contaminated  fomites,  or  through  a  third  person ;  but  most 
often  the  disease  is  acquired  by  direct  contact  with  a  patient  suffering 
from  scarlet  fever.  A  child  is  a  menace  to  others  for  at  least  6  weeks 
from  the  beginning  of  the  disease,  in  some  cases  for  a  much  longer  period. 
The  disease  is  spread  largely  through  the  schools,  and  especially  by  ^ild 
cases  often  incorrectly  diagnosed  as  German  measles. 

Symptoms. — The  incubation  period  varies  from  1  day  to  1  week,  aver- 
aging 3-5  days ;  it  may  be  as  long  as  14  days.  The  onset  is  sudden,  with 
fever,  vomiting,  and  often  convulsions;  there  is  tachycardia,  sore  throat, 
and  enlargement  of  the  glands  at  the  angle  of  the  jaw.  Within  24  hours, 
a  red  macular  eruption  appears  on  the  neck,  and  on  the  upper  part  of  the 
chest;  later,  this  exanthem  involves  the  skin  diffusely,  the  whole  body- 
quickly  becoming  affected,  except  for  areas  around  the  lips  and  chin,  and 
sometimes  the  extensor  surfaces  of  the  extremities.  The  typical  scarlat- 
inal eruption  is  an  intense  livid  hyperemia,  often  mottled  with  petechiae. 
Often  transverse  pale  lines  are  seen  at  the  flexor  surfaces  of  the  elbows, 
knees,  etc.  A  common  finding  is  a  red,  punctiform  mottling  of  the 
mucous  membrane  of  the  hard  palate  and  of  the  skin  in  the  armpits  and 
groins.     Sudaminal  vesicles  are  common. 

I  would  emphasize  especially  the  appearance  of  the  eruption  at  the 
beginning.  It  appears  as  small  spots,  separate  from  one  another,  at  first 
of  a  light  rose  color,  but  soon  becoming  closely,  crowded  together,  and  of 
a  deeper  red  color.  The  spots  become  so  numerous  that  on  superficial 
examination,  the  skin  may  look  evenly  red ;  they^  do  not  really  become 
confluent  but  remain  separate.  This  is  best  made  out  by  looking  at  a 
fiery  red  area  and  then  making  it  disappear  by  pressure  and  watching  its 
reappearance  after  the  presssure  is  removed;  the  single  red  spots  then 
reappear  quickly,  and  soon  the  almost  uniform  redness  is  regained. 

If,  with  the  handle  of  a  percussion  hammer,  a  line  be  drawn  over  the 
red  skin,  a  sharp  white  line  arises,  due  to  vasoconstrictor  spasm,  and  only 
slowly  disappears ;  this  is  the  raie  blanche  of  French  writers. 

The  eruption  lasts  3  or  4  days,  and  then  gradually  fades.  The  desqua- 
mation, usually  beginning  on  the  neck  and  trunk,  is  especially  marked 
on  the  palms  of  the  hands  and  the  soles  of  the  feet,  where  the  skin  may 
be  shed  in  lamellae;  it  occurs  from  the  end  of  the  first,  or  the  middle 
of  the  second,  week  on.  The  ''strawberry  tongue"  is  characteristic  (4th 
or  5th  day),  a  furred  tongue  through  which  the  swollen  red  papillae  are 
seen.  The  throat  generally  shows  evidences  of  an  acuie  angina;  there 
may  be  congestion,  congestion  with  edema  and  tonsillitis,  or  a  membranous 
inflammation,  involving  pharynx,  tonsils  and  uvula,  presenting,  with  the 
cervical  adenitis,  a  picture  quite  like  that  of  a  true  diphtheria.  The  ierrt- 
perature  is  remittent  during  its  course ;  it  falls  by  lysis  with  the  efflorescence 
of  the  rash,  becoming  normal  about  the  9th  or  10th  day.     The  tachycardia 
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(120-180)  and  tachypnea  are  generally  in  proportion  to  the  pyrexia,  or 
greater.     Tbe  spleen   is  frequently  enlarged   slightly.     In  severe  cases, 
-  —  delirium  and  extreme  proatratioa 

are  alarming.  In  mild  cases  the 
subjective  ajinptoms  are  slight 
Hemi'rrhagic,  fulminant  and  an- 
ginoae,  abortive  cases,  and  even 
cases  without  eruption,  occur. 
Polymorphonuclear  leukocytosis 
is  tbe  rule,  hi^  in  severe  cases, 
30,000-60,000;  there  is  usually 
some  eosinophilia.  The  urine 
shows  the  ordinary  febrile  char- 
acteristics in  uncomplicated 
cases,  but  it  should  be  examined 
daily.  It  is  to  be  remembered 
that  at  the  height  of  the  disease, 
a  trace  of  albumin  and  a  few 
casts  need  not  indicate  a  serious 
nephritis.  Epigastric  disturb- 
ances, except  constipation,  are 
uncommon  after  the  initial  vom- 
iting, unless  uremia  due  to  a 
complicating  nephritis  super- 
vene. 

The  condition  long  known  as  «ur- 
gicat  scarlatina  is  not  truly  a  scar- 
latina ia  the  medical  sense  of  that 
term,  but  is  probably  an  erythema 
due  to  sepsis  following  infection  of 
a  wound. 

One   attack   of  scarlatina 

generally  confers  immunity;  re- 

Fig.  i25,-8™riPt  Fever.  infection  occurs  in  1  out  of  500 

cases.    Relapse  is  rare. 

Complications  and  Sequelae. — These  include:  (l)streptococcn3Hngina; 

(2)  streptococcus  sepsis;  (3)  otitis  media;  (4)  scarlatinal  polyarthritis; 

(5)  nephritis   (8-22  per  cent);   (fi)  endocarditis.     These  are  nearly  all 

complicating  infections  with  streptococci;  nephritis  and  adenitis  are  due 

to  the  virus  of  the  disease  itself. 

In  the  3rd  or  4th  week,  or  even  later,  a  recurrence  in  the  form  of  an 
Ofliie  kevwrrhagic  glomerulonephritis,  and  with  it  fever,  angina,  and  a 
postscarlalinal  adenitis  (Schick)  not  infrequently  develops.     These  post- 
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scarlatinal  affections  have  also  been  carefully  studied  by  Pospischill  and 
Weiss  (1911). 

Prognosis. — The  mortality  varies  greatly,  5-30  per  cent.  In  the  very 
mild  epidemics,  there  may  be  no  deaths;  in  the  severer  epidemics,  the 
mortality  may  be  very  high. 

Diagnosis. — This  is  easy  in  well-marked  cases,  but  is  difficult,  and  some- 
times really  impossible,  in  mild  and  in  atypical  cases.  The  disease  must 
be  differentiated  (1)  from  measles  (period  of  incubation  longer,  character- 
istic prodromata,  rash  later  and  papular  with  crescentic  distribution, 
Koplik's  spots);  (2)  from  diphtheria  (bacteriology  of  throat;  the  two 
diseases  may  coexist);  (3)  from  German  measles  (afebrile;  rash;  other 
cases  in  epidemic) ;  (4)  from  the  initial  erythemas  in  typhoid,  pneumonia, 
smallpox,  and  influenza;  (5)  from  drug-rashes  (anti pyrin,  quinin,  atro- 
pin)  ;  (6)  from  serum  rash  after  antitoxin  administration;  (7)  from  acute 
exfoliative  dermatitis  (abstoce  of  throat  symptoms,  no  strawberry  tongue, 
hair  and  nails  affected;  the  disease  is  recurrent)  ;  and  (8)  from  Vincent's 
angina  (stained  smears  show  spirilla  and  fusiform  bacilli). 
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2.    Measles 

(MorbilUj  Fr.  BougeoUy  Oer.  Maseru) 

Definition. — An  acute,  specific,  infectious,  and  extremely  contagious 
disease,  characterized  by  catarrhal  inflammJEition  of  the  upper  respiratory 
tract  and  by  a  characteristic  exanthem. 

Etiology. — The  infective  agent  must  be  a  living  contagium,  but  is  as  yet 
wholly  unknown.  Blood  cultures  in  ascitic  fluid  are  negative  after  24 
hours  in  the  thermostat,  but  if  a  healthy  person  who  has  not  had  measles 
be  then  injected  with  the  mixture  of  blood  and  ascitic  fluid,  he  develops 
typical  measles  (L.  Hektoen).  The  unknown  virus  is  present  also  in  the 
secretions  from  the  eyes,  nose  and  mouth,  in  the  sputum,  and  in  epidermal 
scales.  "Droplet  infection*'  is  probably  an  important  mode  of  transmis- 
sion. Persons  coming  down  with  the  disease  may  communicate  it  to 
others  from  3  to  6  days  at  least  before  their  own  eruption  appears.  The 
virus  is  incapable  of  long  survival  outside  the  human  body,  in  marked 
contrast  with  the  virus  of  scarlet  fever.  The  disease  passes  directly 
from  human  being  to  human  being,  being  rarely,  if  ever,  transmitted  by 
fomites.  It  is  asserted  that  a  room  vacated  by  a  measles  patient,  if  it  be 
simply  well-aired  for  24  hours,  can  be  occupied  next  day  by  susceptible 
persons  without  danger! 

Measles,  in  epidemics,  spreads  with  extreme  rapidity.  New  epidemics 
often  break  out  in  schools  immediately  after  vacations.  Children  from 
1  to  5  years  are  most  often  infected,  but  the  disease  may  occur  at  any 
age  except  in  sucklings  up  to  the  4th  or  6th  month.  It  seems  to  be  a 
children's  disease,  simply  because  nearly  everybody  is  attacked  in  child- 
hood and  has  immunity  afterward.  One  attack  usually  yields  permanent 
immunity,  though  undoubted  instances  of  2  and  3  attacks  are  on  record. 
Natural  immunity  is  extremely  rare ;  the  result  is  that  it  is  very  unusual 
for  a  human  being  to  escape  from  measles;  he  is  almost  sure  to  contract 
the  disease  at  some  time  or  another  during  his  life.  The  disease  is  less 
common  in  summer.     Sporadic  cases  may  be  met  with  at  any  time. 

Symptoms. — The  incubation  period  is  said  to  be  exactly  11  days, 
though  in  rare  instances,  it  varies  from  the  rule,  lasting  only  7,  or  as  long 
as  18  days. 

The  prodromal  stage  lasts  3  days ;  coryza,  photophobia,  conjunctivitis, 
a  dry,  troublesome  cough,  with  hoarseness,  moderate  fever,  anorexia,  and 
malaise,  appear.  The  face  and  eyelids  look  swollen;  the  eyelids  stick 
together  in  the  morning.  The  diagnosis  at  this  stage  may  not  be  possible, 
unless  measles  is  epidemic  and  one  is  on  the  lookout  for  cases.  Shortly 
before  the  appearance  of  the  exanthem,  there  is  a  characteristic  appearance 
of  the  mucous  membrane  of  the  mouth  and  pharynx  (irregular,  roundish, 
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dark  red  macules,  especially  common  on  the  uvula,  and  soft  palate  appear). 
But  in  addition,  thanks  to  the  New  York  pediatrist,  Koplik,  we  now  have 
a  sign  that  often  permits  the  making  of  a  positive  diagnosis  in.  the  pro- 
dromal stage,  or  even  in  the  last  two  or  three  days  of  the  incubation  period. 
Peculiar  white  spots,  now  generally  known  as  "Koplik's  Spots,*'  appear 
on  the  buccal  mucous  membrane  opposite  the  molar  teeth,  or  on  the  inside 
of  the  lips,  or  at  the  junction  of  the  gums  with  the  cheeks.  They  are 
slightly  elevated,  white  or  bluish  white,  sharply  circumscribed  round  spots, 
the  size  of  the  head  of  a  pin,  or  smaller,  surrounded  by  a  slight  zone  of 
redness;  they  cannot  be  wiped  oflF;  a  scraping  examined  microscopically 
shows  only  epithelium  and  detritus.  It  is  as  though  the  red  mucous  mem- 
brane had  been  touched  here  and  there  with  a  little  white  paint  on  the 
tip  of  a  fine  camel's  hair  brush.  As  they  grow  older,  the  spots  increase  in 
size,  and  become  more  prominent ;  they  disappear,  in  from  2  to  5  days, 
without  residue;  6  to  20  such  spots  are  often  visible.  They  never  occur 
in  scarlet  fever,  or  in  other  exanthematous  diseases,  though  some  assert 
that  they  are  seen  occasionally  in  German  measles.  They  are  easily  dis- 
tinguishable from  thrush  or  from  aphtha ;  I  consider  them  of  great  diag- 
nostic importance  for  the  early  diagnosis  of  measles ;  they  are  present  in 
six-sevenths  of  all  cases  (Ileubner).  Occasionally  preceded  by  prodro- 
mal erythema,  the  characteristic  skin  eruption  appears  on  the  14th  day 
after  infection,  that  is,  3  days  after  the  prodromata  begin.  It  is  a 
MACtJLOPAPULAB  ERUPTION,  ofton  gTOupcd,  appearing  first  on  the  face 
(sometimes  first  on  the  soft  palate),  scalp,  and  in  front  of  and  behind 
the  ears,  thence  extending  to  the  neck,  the  upper  trunk,  and  upper  arms, 
then  to  the  lower  trunk,  the  buttocks  and  thighs,  and  finally  to  the  other 
portions  of  the  extremities.  The  full  development  is  reached  in  2-2^  days, 
but  the  symptoms  do  not  disappear  with  4;he  appearance  of  the  eruption. 
There  is  a  characteristic  variegated  mottling  of  the  skin.  The  color  of 
the  exanthera  is  at  first  pink,  and  the  measles  are  small,  rounded  or  irregu- 
lar, though  sharply  circumscribed ;  the  color,  later,  becomes  of  a  darker  red, 
and  is  often  copper-colored  or  brownish-red.  The  outlines  grow  less  dis- 
tinct, and  become  very  irregular,  adjacent  measles  often  fusing  with  one 
another.  If,  inside  the  spots,  the  sebaceous  glands  become  swollen,  the 
skin  becomes  elevated  (morbilli  elevati)  ;  sometimes  this  swelling  does 
not  appear  (morbilli  Iwves).  Occasionally  there  are  capillary  hemor- 
rhages (hemorrhagic  measles). 

The  fever  during  the  3  days  of  prodromata  is  remittent  and  of  variable 
height;  it  then  falls,  but  rises  again  as  the  eruption  appears  and  may  be 
higL    The  pulse  and  the  respiration  are  accelerated. 

The  blood  in  measles  has  been  carefully  studied  by  Ilecker.  There 
are  typical  changes,  which  precede  the  Ko])lik  spots  by  froui  2-6  days. 
A  leukopenia  (3,000-4,000)  appears,  with  a  relative  and  absolute  decrease 
of  the  number  of  lymphocytes,  and  relative  increase  (though  slight  abso- 
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lute  decrease)  of  the  polymorplionuclear  neutrophils;  the  eoainopbila  are 
decreased  during  tbe  prodromal  stage,  and  vanish  entirely  during  the 
/TrW  tr    s*   i-  A  eruptive  stage.     This  incuha- 

ijciri  r.    uSl.  ■  *  fgf^  leukopenia  may  be  of  real 

importance  for  early  diag- 
nosis. Slight  enlargement  of 
the  lymph  glands  can  be  made 
out.  During  the  exantbem, 
the  catarrhal  symptoms  grow 
worse;  the  general  condition 
changes,  the  child  will  not  eat, 
grows  apathetic,  and  often  dull 
and  delirious.  The  tongue  is 
coated;  the  bowels  are  consti- 
pated ;  the  urine  is  scanty  and 
high-colored. 

The  eruption  lasts  from 
3  to  5  days.  The  temperature 
often  falls  by  crisis,  after  a 
precritical  rise,  and,  in  a  few 
hours,  the  child  seems  remark- 
ably improved ;  he  breaks  out 
into  a  sweat,  falls  into  a  sleep; 
on  waking  the  psyche  ia  clear, 
the  cough  is  looser,  and  the 
appetite  begins  to  return. 
Sometimes  this  critical  change 
is  not  seen,  the  temperature, 
instead,  falling  by  lysis  dur- 
ing 1-2  days  of  defervescencei 
As  the  eruption  fades,  6mn- 
lihe  desquamation  sets  in  dur- 
ing the  fading,  whereas,  in 
scarlet  fever,  the  lamellar 
Pig.  i26.-~H(>aBies.  desquamation  does  not  appear 

until  a  week  after  the  rash  bas 
faded.  During  the  last  stage,  the  patient  should  be  most  closely  watched 
and  most  carefully  nursed,  for  the  danger  of  complications  and  of  sequelae 
is  very  great  Chilling  of  the  body  surface,  especially,  is  to  be  avoided, 
and  the  presence  of  any  tuberculous  person  in  the  proximity  of  the  patient 
should  be  prohibited.  During  convalescence,  there  is  often  a  marked 
bradycardia,  soutctimoa  cardiac  arhythmia. 

Abortive  cases  and  afrhrile  cases  arc  known,  as  well  as  measles  without 
an  eruption.    Sometimes  the  rash  begins  in  the  usual  way,  then  becomes 
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indistinct,  and  the  patient's  general  symptoms  grow  more  severe.  This 
form  is  much  feared  by  the  laity,  who  speak  of  the  measles  "striking  in." 
In  these  cases,  the  skin  is  usually  pale  and  cyanotic,  due  to  cardiac  weak- 
ness and  to  dyspnea  due  to  swelling  of  the  bronchial  mucous  membrane; 
unless  the  skin  can  be  made  hyperemic  by  a  mustard  pack,  and  the  circu- 
latory conditions  improved,  the  outlook  is  grave. 

The  eruption  in  measles  has  recently  been  especially  studied  by  von  Pirquet 
During  the  first  day  of  the  eruption,  the  first  signs  appear  in  the  form  of  scat- 
tered red  papules  on  the  head  and  trunk,  usually  first  behind  the  ears  and  in  the 
middle  of  the  upper  back,  then  around  the  mouth  and  nose,  on  the  cheeks,  in  front 
of  the  ears,  and  on  the  forehead,  with  possibly  a  few  upon  the  chest  and  abdomen. 

During  the  next  two  to  four  days,  the  eruption  spreads  over  the  whole  body. 
At  the  beginning  of  the  second  day,  there  is  an  abundant  eruption  on  the  head 
and  back,  as  far  down  as  the  crest  of  the  ihum.  The  face,  in  its  upper  and  middle 
parts,  is  intensely  inflamed,  though  the  cheeks  still  show  only  a  scanty  eruption. 
The  eruption  is  also  scanty  on  the  chest,  abdomen,  shoulders,  and  medial  sides  of 
upper  arms.  A  few  papules  can  be  seen  on  the  arms,  thighs,  pophteal  spaces, 
nates,  and  anterior  surface  of  the  legs.  The  posterior  surface  of  the  legs,  the 
feet,  the  knees  and  elbows  are  still  free. 

At  the  beginning  of  the  third  day,  as  a  rule,  the  eruption  is  intense  on  the 
head,  trunk,  shoulders,  and  anterior  surface  of  the  upper  arm  and  of  the  thigh.  It 
may  also  be  intense,  though  less  constantly  so,  on  the  dorsal  surface  of  the  upper 
arms,  the  forearms,  and  the  posterior  surface  of  the  thighs.  A  scanty  eruption 
is  seen  in  the  popliteal  spaces,  on  the  legs,  on  the  hands  and  knees,  sometimes  on 
the  nates.  A  beginning  eruption  is  visible  on  the  feet  while  the  elbows  still  remain 
free.  By  the  fourth  or  the  fifth  day,  the  exanthem  is,  as  a  rule,  fully  developed, 
except  perhaps  on  the  nates,  feet  and  elbows. 

As  the  eruption  fades,  the  rose-red  color  of  the  first  two  days  diminishes,  and 
the  rash  becomes  slightly  pigmented.  The  fading  begins,  constantly,  on  the  fore- 
head, usually  at  the  beg^ning  of  the  second  day.  By  the  beginning  of  the  third 
day,  the  rash  on  the  forehead  and  the  hairy  scalp  has  faded  much,  and  the  rash 
on  the  rest  of  the  face,  the  trunk  and  the  shoulders  has  begun  to  fade.  By  the 
beginning  of  the  fourth  day,  the  fading  has  advanced  to  the  rash  on  the  extremi- 
ties. The  slight  pigmentation  on  the  forehead  and  hairy  scalp  has  now  vanished. 
By  the  banning  of  the  fifth  day  the  head,  with  the  exception  of  the  cheeks,  has 
lost  all  traces  of  the  exanthem,  while  the  pigmentations  on  the  rest  of  the  body 
following  the  rash  are  still  distinct.  The  elbows  and  feet  often  remain  entirely 
free  from  rash,  more  rarely  also  the  knees,  nates  and  hands. 

Yon  Pirquet  concludes  that  the  temporal  features  of  the  rash  stand  in  definite 
relation  to  the  cutaneous  arterial  supply,  the  rash  appearing  earUest  on  those 
parts  of  the  skin  in  which  the  arterial  distance  from  the  heart  is  least,  and  the 
circulation  Hveliest. 

He  beheves  that  the  exanthem  depends  upon  antitoxic  reactions  to  the  measles 
virus  in  the  cutaneous  capillaries,  in  areas  of  the  skin  saturated  with  antibodies. 
He  suggests  that  the  freedom  from  the  rash  of  the  elbows,  feet  and  nates  can  be 
explained  by  assuming  that  at  the  time  when  the  most  poorly  arterialized  parts 
of  the  skin  become  saturated  with  antibodies,  all  the  measles  germs  have  been 
removed  from  the  blood  by  fixation  (agglutination)  in  other  capillaries  of  the 
body.  (Cf.  von  Pirquet,  ''Das  Bild  der  Maseru  auf  der  ausseren  Haut," 
Berlin,  1913.) 
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The  course  of  the  disease  is  usually  favorable  if  there  are  no  compli- 
cations. The  public  does  not  realize,  however,  how  serious  a  disease 
measles  is ;  various  complications  are  possible. 

Complications  of  Measles. — These  include  capillary  bronchitis,  bron- 
cho-pneumonia, necrotizing  pneumonia,  otitis  media,  and  enteritis  with 
diarrhea  as  the  more  important.  Occasionally,  severe  inflammations  of  the 
eye,  of  the  larynx  (measles  croup),  or  of  the  mouth  (noma)  are  met  with. 
Nephritis  is  very  rare. 

TuBBRCUiiOsis  AFTER  Measles. — Many  children  develop  rapid  tuberculosis  after 
measles,  the  infection  apparently  lowering  the  resistance  against  the  tubercle 
bacillus.  If  a  cutaneous  tuberculin  reaction  is  positive  before  a  measles  infection, 
it  becomes  negative  during  the  measles  (von  Pirquet),  owing  to  disappearance 
of  antibodies  (ergins).  Many  a  child,  during  convalescence  from  measles,  develops 
an  acute  miliary  tuberculosis,  or  a  tuberculous  meningitis ;  a  flare-up  in  tuberculous 
mediastinal  glands,  or  of  pulmonary  tuberculosis,  is  very  conunon  after  measles. 

Concurrent  Measles. — ^Measles  may  occur  simultaneously,  with  scarlet  fever, 
with  diphtheria,  with  whooping-cough,  or  with  chickenpox,  in  the  same  patient. 
When  whooping-cough  and  measles  occur  simultaneously,  the  danger  of  capillary 
bronchitis  is  very  great,  especially  in  young  children;  the  danger  of  subsequent 
tuberculosis  is  also  increased.  Varicella,  in  companionship  with  measles,  is  prone 
to  give  rise  to  deep  ulcers  and  necroses  of  the  skin. 

Diagnosis. — In  the  prodromal  stage,  the  acute  catarrhal  symptoms  with 
leukopenia  are  suggestive,  and  the  Koplik  spots  are  decisive.  In  the 
stage  of  eruption,  the  disease  must  be  distinguished  (1)  from  scarlet  fever 
(not  mottled,  non-papular,  area  about  mouth  free) ;  (2)  from  German 
measles  (rash  not  distinctly  papular,  lighter  color,  not  confluent,  often 
rudimentary,  often  afebrile);  (3)  from  the  initial  rash  of  smallpox 
(severe  general  disturbances,  higher  fever,  absence  of  Koplik^s  spots, 
nodular  eruption  later,  rapid  fall  of  temperature  on  appearance  of  ex- 
anthem)  ;  (4)  from  typhus  fever  (absence  of  Koplik's  spots,  character  of 
eruption,  higher  temperature,  course) ;  (5)  from  serum-exanthems 
(anamnesis,  accompanying  phenomena) ;  (6)  from  drug-exanthems;  (7) 
from  exanthems  in  sepsis  (blood  culture). 
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3.    Rubeola 

{German  Measles,  Roteln) 

Definition. — A  benign,  contagions,  exantliematous  disease,  in  which  the 
skin  eruption  sometimea  resenibk's  measles,  somutimes  scarlet  fever,  though 
the  disease  is  different  from  botli. 

Etiology. — The  cause  is  unknown,  but  it  is  undoubtedly  some  infectious 
agent.  The  disease  occurs  in  small  epidemics,  especially  in  children  (2-10 
years),  but  is  common  also  in  adults.     Most  people  are  ausceptible,  though  ■ 
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there  is  not  the  universal  susceptibility  so  characteristic  of  measles.  One 
attack  yields  immunity. 

Symptoms. — The  incubation  period  varies  between  2  and  3  weeks.  The 
disease  may  resemble  measles  closely,  but  is  milder  in  all  ways;  pro- 
dromata  are  often  entirely  absent.  Sometimes  there  are  mild  catarrhal 
symptoms,  as  in  measles ;  also  headache,  malaise  and  myalgias.  Koplik's 
spots  are  not  present,  A  fine,  blotchy,  rose-red  macular  eruption  is  quite 
constantly  to  be  found  on  the  mucous  membrane  of  the  throat  The  skin 
eruption  appears  first  on  the  face  and  scalp,  and  thence  extends,  in  crops, 
over  the  rest  of  the  body  within  24-30  hours;  it  appears  usually  as  small 
macules  rather  than  as  papules;  these  are  rose-red  and  rarely  confluent. 
When  the  eruption  resembles  that  of  measles  very  closely,  it  is  called 
rubeola  maculosa:  when  it  resembles  that  of  scarlet  fever  closelv,  it  is 
called  rubeola  scarlatinosa.  The  confusion  with  scarlatina  may  be  in- 
creased by  swelling  of  the  cervical,  occipital,  and  retro-auricular  lymph 
glands,  often  present.  The  eruption  disappears  entirely  in  from  1-3  days 
and  is  followed  by  fine  desquamation,  each  crop  following  this  course  for 
itself. 

Prognosis. — The  disease  is  never  fatal ;  complications  are  rare. 

Diagnosis. — This  is  easy  in  epidemics;  in  sporadic  cases,  it  may  be 
impossible  to  tell  it  from  measles  on  the  one  hand,  or  from  mild  scarlet 
fever  on  the  other.  When  in  doubt,  it  is  best  to  deal  with  it  as  though 
it  were  the  severer  form  of  disease. 
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4.    Duke's  Fourth  Disease 

This  has  been  described  by  Duke  as  a  disease  separate  from  scarlet  fever, 
measles,  and  rubeola.  I  do  not  think  the  evidence  favors  its  existence  as  a  separate 
entity.  The  cases  so  described  have  been,  in  my  opinion,  either  rubeola  or  mild 
scarlatina. 
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5.    Ghickenpox 

(Varicella,  Fr.  Petite  verole  Volante,  Ital.  Eavaglione) 

Definition. — An  acute,  febrile,  contagious  disease,  of  unknown  etiology, 
characterized  by  a  maculovesicular  exanthem.  The  disease  was  formerly 
(by  the  "unitarians")  believed  to  be  a  mild  form  of  smallpox;  since  the 
European  pandemic  of  1868-1874,  varicella  and  variola  have  been  uni- 
versally considered  to  be  two  separate  and  etiologically  distinct  diseases. 

The  Vims. — Ljinph  from  a  varicella  vesicle,  inoculated  into  another  person 
who  has  not  had  the  disease,  gives  rise  to  varicella,  never  to  variola.  Vaccination 
against  variola  does  not  protect  from  varicella.  Varicella  is  rare  except  in  child- 
hood; variola  may  occur  at  any  age.  Inoculation  of  the  rabbit's  cornea  with  l3rmph 
from  varicella  is  never  positive;  with  lymph  from  variola  it  is  always  positive, 
and  typical  Guamieri's  corpuscles  appear.  The  virus  is  probably  acquired  through 
direct  contact,  or  through  inhaling  air  near  a  patient.  Rarely,  infection  is  trans- 
mitted through  a  third  person.  Patients  can  infect  others  from  the  latter  part  of 
the  period  of  incubation  until  the  scabs  are  all  thrown  off.  The  virus,  in  contrast 
with  that  of  variola,  is  not  very  resistant  to  atmospheric  influences  or  to  dis- 
infectants. 

Snsoeptibility. — The  disease  occurs  chiefly  before  the  10th  year  of  life ; 
occasionally,  a  case  is  seen  in  the  third  decade,  rarely  later.  Most  children 
are  susceptible.  Epidemics  are  common.  It  never  entirely  dies  out  in 
large  cities. 

Immnnity. — Most  children  have  but  one  attack;  cases  of  two  and  of 
three  attacks  in  the  same  person  are,  however,  known. 

Symptoms. — The  incubation  period  lasts  from  2  to  3  weeks.  There  may 
be  no  prodromata;  or  malaise,  anorexia,  nausea,  vomiting,  and  pains  in  the 
limbs  may  be  present.  The  exanthem  appears  first  on  the  face  and  the 
hairy  scalp,  occasionally  first  on  the  trunk,  and  thence  quickly  spreads 
over  the  whole  body.  The  quick  spread  is  in  marked  contrast  with  the 
slow  spread  from  above  downward  in  variola.  Flat,  light  red,  spots 
appear;  they  are  fairly  sharply  circumscribed  and  grow  pale  under  pres- 
sure. They  are  variable  in  size  and  in  form,  though  usually  round  or 
oval;  in  the  latter  case,  the  long  axis  is  in  the  direction  of  the  sulci  in  the 
skin.  Thus,  on  the  back,  several  may  be  seen  in  rows  (convexity  down- 
ward) on  each  side  of  the  spine.  Within  24  hours,  a  vesicle  appears  in 
the  middle  of  each  macule,  and,  enlarging  to  the  size  of  a  pea,  becomes 
filled  with  fluid  as  clear  as  water.     These  watery  vesicles  (crystalli),  flat 
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on  the  skin,  surrounded  hy  a  narrow  hyperemic  zone,  make  the  safest 
criterion  for  the  diagnosis  of  varicella.  They  never  occwr  in  variola. 
From  10  to  200,  or  more,  spots  appear,  irregularly  scattered  over  the  body ; 
they  are  always  discrete.  A  single  vesicle,  here  and  there,  will  be  seen  to 
be  slightly  umbilicated.  After  a  few  hours,  the  contents  of  a  vesicle  turn 
whitish,  later  pure  yellow  as  the  vesicle  becomes  a  pustule.  At  the  end  of 
2  or  at  most  3  days,  the  hyperemic  zone  vanishes  and  the  contents  begin  to 
dry  up  to  form  a  yellowish-brown  scab.  This  scab  falls  oflF  in  a  few  days 
(8-10),  usually  leaving  no  scar.  If  itching  be  intense,  as  it  frequently  is, 
scars  result  from  scratching.  Pitting  after  varicella  is  said  by  some  to  be 
more  common  than  after  variola,  but  this  is  not  at  all  true  in  my  expe- 
rience. Whether  a  scar  follows  or  not,  depends  upon  whether  the  corium 
is  involved  in  the  lesion.  At  the  site  of  the  lesion,  there  is  pigmentation, 
which  lasts  for  2-3  weeks.  Usually  there  are  within  2-3  days  successive 
crops  of  the  exanthem,  and  it  is  a  characteristic  of  this  disease  that  several, 
or  all,  stages  of  maturation  of  the  lesion  are  to  be  found  at  one  time.  If  a 
varicella  vesicle,  or  pustule,  be  pricked,  the  fluid  does  not  all  come  out 
from  a  single  puncture,  because  it  is  divided  into  several  compartments. 
The  septa  run  from  the  base  obliquely  upward  to  the  middle  of  the  surface 
of  the  vesicle ;  in  the  variola  lesion,  the  septa  converge  from  the  surface, 
obliquely  down  to  the  middle  of  the  floor  (Unna).  Cultures  from  the 
vesicle  yield  staphylococci ;  they  have  nothing  to  do  with  the  etiology  of 
varicella. 

Along  with  the  exanthem,  there  is|  also  an  enanthem,  in  at  least  one- 
half  the  cases  (mouth,  conjunctiva,  nose,  prepuce,  meatus,  vulva,  anus). 

Some  of  the  vesicles  may  have  a  slightly  infiltrated  base,  but  this  is 
never  so  firm,  or  so  sharply  circumscribed,  as  in  variola, 

A  prodromal  rash  is  sometimes  seen,  which  may  lead  to  the  wrong 
diagnosis  of  scarlet  fever ;  but  the  absence  of  sore  throat,  of  the  strawberry 
tongue  and  of  swollen  lymph  glands,  together  with  the  subsequent  course, 
quickly  bring  enlightenment.  Fever  is  usually  not  marked,  but  persists 
after  the  appearance  of  the  eruption.  In  mild  cases,  the  whole  process, 
including  the  separation  of  the  scabs,  is  over  in  6-7  days.  In  severer  cases, 
with  many  vesicles  and  repeated  crops,  the  duration  may  be  17-21  days. 

Prognosis  and  Complications. — The  mortality  is  very  low.  In  marantic 
children,  a  gangrenous  form  sometimes  occurs  and  may  be  fatal.  Fatal 
sepsis,  or  metastatic  abscesses,  occasionally  are  met  with,  due  to  complicat- 
ing pyogenic  infection.  The  disease,  like  measles,  predisposes  strongly  to 
tuberculous  infection,  and  may  accelerate  one  already  under  way.  Hemor- 
rhagic nephritis,  and  polyarthritis,  are  occasional  complications.  Hem- 
orrhagic chickenpox,  due  to  hemorrhagic  diathesis,  is  rarely  fatal. 

Diagnosis. — This  is  usually  easy.  The  disease  must  not  be  confused 
with  smallpox,  and  should  not  be  if  the  points  emphasized  above  be  duly 
considered. 
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6.    Smallpox  (Variola,  Gen  Blattern,  Fn  Petite  v^role) 

Definition. — An  acute,  extremely  contagious  disease,  of  unknown  etiol- 
ogy, characterized  by  a  typical  fever-curve  and  an  eruption  on  the  skin, 
which,  during  its  maturation,  passes  through  the  stages  of  macule,  papule, 
vesicle,  pustule,  and  crust 

Occurrenoe. — This  has  become  a  relatively  rare  disease,  considering  the 
estimate  that  25,000,000  people  died  of  smalli)ox  in  25  years  in  the  18th 
century,  and  60,000,000  people  during  the  whole  of  that  century.  The 
disease  was  observed  in  Mexico  by  the  soldiers  of  Cortez  in  1527 ;  it  has 
been  brought  in  repeatedly  from  Europe  and  probably  also  from  Africa 
(negro^).  The  disease  has  a  very  ancient  history  ;•  prophylactic  inocula- 
tion was  used  against  it  in  China  and  India  at  least  twelve  centuries 
before  the  beginning  of  our  time  reckoning!  The  earliest  report  of  an 
epidemic  in  Europe  is  that  in  the  sixth  century  of  our  era  (Marius 
Avenches).  There  appears  to  be  no  natural  immunity  against  the  disease, 
but  compulsory  application  of  Jenner's  great  discovery  (1798-1800)  of 
vaccination  has  made  artificial  immunity  general.  It  is  only  when  vac- 
cination and  re-vaccination  grow  lax  that  the  disease  reappears. 

The  Great  Oroup  of  Pock  Diseases. — ^Aside  from  syphilis  (the  **big  pox"), 
and  varicella  ("chickenpox"),  there  is  a  large  group  of  infectious  diseases,  affect- 
ing men,  animals,  or  both,  which  stand  in  the  most  interesting  reciprocal  relations 
to  one  another.  These  diseases  have  been  divided  by  Bolhnger  (1877)  into  two 
groups : 

1.  Those  of  epidemic,  or  epizootic,  distribution,  with  universal  exanthem  and 
transmission  from  person  to  person  by  a  contagium  which  can  be  carried  by  the 
air  (dust  or  droplets),  and 

2.  Sporadic  forms,  in  which  the  exanthem  is  localized  in  single,  usually  defi- 
nite, parts  of  the  integument,  these  occurring  only  through  intentional  or  accidental 
inoculation,  never  by  transmission  of  the  contagium  through  the  air. 

To  the  first  group  belong,  (a)  variola,  or  the  smallpox  of  man,  and  (b) 
OvnoA,  or  sheeppox.    Goats  are  also  susceptible  to  ovinia. 

The  second  group  includes  (a)  vaccinia,  or  cowpox,  (b)  equinia,  or  horse- 
pox,  and  (c)  local  pock-diseases  affecting  other  animals  (rabbits,  pigs,  monkeys). 
Vaccinia  and  equinia  were  accidentally  found  in  animals,  and  were,  therefore, 
designated  as  "original"  vaccinia  or  equinia.  The  other  local  poxes  have  been 
intentionally  produced  by  the  inoculation  of  animals. 
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Ovinia  in  sheep  and  goats  is  very  much  like  variola  humana. 

Vaccinia  occurs  chiefly  in  milch  cows,  upon  the  teats  of  the  udder.  After 
several  days  of  initial  fever,  papules  appear  upon  the  hyperemic  skin,  which  later 
become  vesicular,  with  contents  clear  at  first,  afterwards  changing  to  pus;  on 
drying,  scabs  are  formed,  which  leave  scars  behind  them  when  they  fall  off.  The 
disease  vaccinia  lasts  about  3  weeks,  in  cows. 

Equinia  in  horses  has  a  similar  course,  the  process  being  localized  on  the  skin 
of  the  fetlock  of  the  hind  foot. 

By  VARIOLATION  is  meant  the  intentional  transfer  of  variola  humana  to  men 
or  animals  by  inoculation,  that  is,  by  transferring  the  virus  from  a  human  case  to 
a  superficial  wound,  intentionally  made,  in  the  person  or  animal  inoculated.  As 
virus,  the  serous  contents  of  pock-vesicles  or  so-called  lymph  were  chiefly  used, 
though  pus  from  pock-pustules  and  scabs  was  also  employed. 

Variolation  of  human  beings  is  over  3,000  years  old;  variolation  of  f»iiTnAlg 
was  taken  up  by  Jenner,  when  he  made  his  studies  on  vaccinia.  When  a  sus- 
ceptible man  is  inoculated  with  lymph  from  a  smallpox  lesion,  he  develops  variola 
humana,  which,  on  account  of  its  origin,  is  here  designated  variola  jnoculata. 
If,  on  the  other  hand,  one  inoculates  a  horse,  or  a  cow,  with  the  virus  of  variola 
humana,  only  a  local  disease  results  at  the  site  of  inoculation,  and  this  local  dis- 
ease corresponds  closely  with,  or  is  identical  with,  equinia  or  vaccinia,  found 
accidentally  originally,  and  designated  as  original  equinia  or  vaccinia.  Such  local 
pock-diseases,  resulting  from  inoculation,  are  called  variola-equinia  and  variolo- 
VACCiNiA,  respectively,  to  show  that  they  have  been  produced  by  inoculation  of 
variola  lymph,  and  not  by  transfer  of  "original"  equinia,  or  "original"  vaccinia. 
It  is  exceedingly  interesting  that,  when  lymph  from  such  a  variola-equinia  or 
variolo-vaccinia  is  used  to  inoculate  man,  he  in  turn  develops  only  a  local  eruption 
of  papules,  which  become  transformed  into  vesicles  and  pustules;  he  does  not 
develop  a  universal  exanthem,  any  more  than  when  the  l3rmph  from  an  "original" 
cowpox  or  horsepox  is  used  for  the  inoculation.  If  an  inoculation  "takes,"  in 
man,  whether  it  be,  on  the  one  hand,  from  equinia  or  vaccinia,  or,  on  the  other, 
from  variola-equinia  or  variolo-vaccinia,  the  person  is,  after  the  local  process 
has  run  its  course,  completely  or  partially  immuile  against  variola  humana. 

If,  still  further,  from  a  man  so  inoculated  with  variolo-vaccinia  from  a  oow, 
we  take  lymph,  and  inoculate  another  cow,  the  local  pock-disease  that  develops  is 
called  RETROVAOCiNiA ;  in  the  same  way,  a  retro-equinia  can  be  produced,  and  the 
l3rmphs  from  these  in  turn  can  also,  when  used  on  man,  yield  total  or  partial 
immunity  against  variola. 

Similar  experiments  have  been  made  with  ovinia,  and  much  is  known  about 
oviNATiON  and  retro-ovination. 

It  seems  very  likely  now  that  the  cowpox  and  horsepox,  "originally"  found, 
were  not  independent  diseases,  but  had  resulted  from  accidental  inoculations  of 
"general  pox"  forms. 

The  different  kinds  op  lymph  in  use  include:  (1)  variola  lymphs  or  the  con- 
tents of  the  vesicles  from  human  smallpox;  (2)  vaccine,  derived  from  local  cow- 
pox;  (3)  ovine  lymph,  derived  from  sheeppox;  and  (4)  equine  lymph,  from  local 
horsepox.    • 

Just  what  happens  when  human  variola  virus  changes,  in  the  cow  or  in  the 
horse,  is  not  known ;  it  may  be  that  mere  attenuation  occurs,  though  it  seems  more 
likely  that  transmutation  is  involved. 

The  evidence  is  against  the  possibility  of  a  return  from  the  transmuted  to  the 
original  variola  lymph;  as  far  as  we  know,  vaccine  from  the  cow,  inoculated  into 
man,  never  causes  variola,  but  always  only  vaccinia. 
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Etiology  of  &asllpox. — The  view  at  present  favore<I,  is  that  which 
aBgnmes  a  protozoon  origin  for  the  disease.  The  virus  is  certainly  con- 
tained in  the  clear  contents  of  vesicles,  in  tlie  pua  of  pustules,  and  in  the 
scabs.  It  is  also  present  in  any  secretions  or  excretions  which  become 
mixed  with  the  products  of  tlie  eruption  (exanthem,  or  enanthem).  The 
blood  sometimes  seems  to  contain  it. 

The  vims  is  extremely  resistant  to  atmospheric  influences  and  to  light 
It  can  remain  virulent  for  years,  despite  drj'inp  and  exposure  to  the  light, 
and  can  then  8till  be  U3ed  for  variolation.  The  virus  also  resists  disin- 
fectants. 

The  virUH,  both  of  variola  and  of  vaccinia,  passes  through  ordinary 
filters  (Negri),  but  not  through  colloid  filters  (Prowazelc). 

Since  vaccinia  is  now  believed  to  be  a  modified  variola,  it  seems  prob- 
alile  that  the  microorganisms  causing  the  two  conditions  must  he  closely 
related. 

OC  the  protoKionlike  organisms  already  described  in  amallpoz  or  in  vaccinia 
maj  be  mentioned  (1)  the  3/onoctyafis  epitheliatis  (L.  Pfeiffer,  1887);  <2)  the 
Cylorrkyctea  variola  (Quamieri,  1892) ;  and  (3)  the  Chlamydozoan  organiima 
of  Prowazek. 

Quamieri  inoculated  the  cornea  of  rabbits  with  lymph  and  studied  the  disease 
of  the  protoplasm  of  the  cells  before  inflaoimatory  jiroducts  reached  the  cornea. 
After  two  or  three  days,  he  found,  in  the  protoplasm  of  many  epithelial  cells,  one 
or  two  small  bodies  of  variable  size,  surrounded  by  a  clear  zone,  the  bodies  seem- 
ing to  undergo  fission.  On  examining  a  scraping  of  the  cornea,  he  made  out,  he 
believed,  ameboid  movements  of  these  bodies.  Tbey  remain  in  the  protoplasm, 
ontEide  the  nucleus,  and  are  generally  known  in  the  Uterature  as  Oosmieri's 
eorpaules. 

PfeiSer  believes  that  Guamicri's  corpuscles  represent  a  young  stage  of  the 
Tinu,  which,  in  its  second  stage,  develops  into  a  cyst,  with  spore  formation. 


Hg.  12S.— A— Four  RmaM  Vac-i-fne  Bodl.'ii  flltii»le<l  In  111?  Citoplaum  of  Kplthpllal  CfUB  81t- 
uiMl  at  a  DlHlance  from  thp  Nurlpas.  (iland  Duct  ol  Nnnal  Murona  Mpmbrane  or  tbe 
Ciir.  If  1,000.  B— Two  Vaidae  Bodl?R  ladpnUDji  thp  NucIpuh  at  an  ErUliPtlBl  Cell, 
Vtfdnallod  of  Ihe  Cftlfa  Cornpi,     x  l.fiOO.     (Aripr  K.  K.  Tyiicr,  J,  MPd,  Re". I 

In  the  United  States,  Councilman,  Calkins,  and  Howard  look  upon  Quaraieri's 
wrpUBcles  as  the  parasites  of  emnllpox,  and  the  parasite  is  called  the  Cytorrhyetet 
tariola  by  Councilman,  BrinkerhofE,  and  Tyzzer,  white,  in  France,  Metchnikoff 
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r^ards  them  simply  as  cell  derivatives.  One  thing  seems  certain:  they  are  specific 
appearances  in  variola  and  in  vaccinia.  Since  they  occur  constantly  in  these  two 
conditions,  and  are  absent  under  all  other  conditions,  they  are  of  considerable 
practical  significance  for  differential  diagnosis.  (For  the  technic  of  the  corneal 
experiments,  see  the  articles  of  Hueckel  and  of  Wasielewski.) 

According  to  Prowazek,  though  the  virus  of  variola  (and  of  vaccinia)  passes 
through  an  ordinary  filter,  it  dees  not  pass  through  a  colloid  filter;  hence  it  can 
be  first  separated  from  ordinary  bacteria  by  an  ordinary  filter,  after  which  the 
filtrate  can  be  put  into  a  colloid  filter;  the  residue  Qn  the  surface  of  the  filter  con- 
taining the  virus  is  found  to  consist  of  minute,  stainable,  coccuslike  structures, 
which  multiply  by  subdivision.  These,  when  inoculated  into  a  rabbit's  cornea,  give 
rise  to  Guarnieri's  corpuscles;  Prowazek,  therefore,  regards  them  as  the  cause  of 
the  disease.  He  distinguishes  elementary  corpuscles  (:}  /i  in  size),  which  arise  from 
so-called  initial  bodies  (i  fi  in  size).  These  latter  are  formed  in  the  protoplasm 
of  the  epithelial  cells  of  the  cornea,  and  from  them  Guamieri's  corpuscles  develop, 
as  reaction-products  of  the  epithelial  cells.  Inclosed  in  the  Guamieri  bodies,  the 
initial  bodies  undergo  subdivision  to  form  the  small  elementary  corpuscles,  which, 
in  turn,  can  produce  the  infection  in  man,  or  in  other  animals.  They  belong  to 
the  Chlamydojsoa, 

In  addition  to  the  protozoan  infection,  smallpox  is  dependent,  in  the  suppu- 
rative stage,  upon  the  activity  also  of  the  staphylococci  and  the  streptococci,  in  the 
pustules.  The^  pyogenic  cocci  are  often  present,  also,  in  the  blood,  so  that  in 
the  suppurative  period  we  have  to  deal  with  a  mixed  infection  of  the  virus  proper 
with  a  pyogenic  infection.  The  condition  is  not  unlike  scarlet  fever,  in  which  the 
infection  due  to  the  virus  proper  may  be  combined  with  streptococcus  infection. 

Epidemiology. — The  vims  is  spread  through  fomites  (linen,  clothing, 
utensils)  that  have  been  in  contact  with  the  patient.  It  is  also  spread 
by  third  persons  (physicians,  nurses,  relatives,  and  other  contacts),  the 
virus  apparently  being  carried  by  the  skin,  hair  and  clothes.  As  regards 
indirect  contact,  it  seems  likely  that  third  persons  may  infect  fomite^. 
Again,  dust  and  droplet  infection  play  a  part,  and  apparently  the  virus 
can  be  carried  for  some  distance  through  the  air — 100  meters  (Tmmer- 
mann),  2  miles  in  the  direction  of  the  prevailing  wind  (Tresh),  It  is 
possible  that  insects,  especially  flies,  may  help  to  distribute  the  virus. 
Third  persons,  owing  to  the  extraordinary  tenacity  of  the  virus,  may 
carry  it  hundreds  of  miles  from  the  patient,  remaining  healthy  them- 
selves, and  set  up  the  disease  in  others.  Similarly,  contaminated  fomites 
may  be  carried  long  distances  without  injury  to  the  virus ;  thus,  the  cases 
occurring  in  Vienna  in  1907  were  probably  started  by  contaminated 
goose-feathers  coming  from  Hussia  and  Poland  (Mairinger). 

The  main  portal  of  entry  must  be  the  mucous  membrane  of  the  res[)ira- 
tory  tract,  since  the  virus  is  usually  taken  in  with  the  inspired  air.  The 
possibility  of  infection  through  the  digestive  tract  and  through  the  skin 
must  be  admitted. 

According  to  von  Pirquet,  the  virus,  multiplying  during  the  incuba- 
tion period,  gives  rise  to  antibodies,  which,  uniting  with  the  antigen  in  the 
skin,  cause  the  exanthem. 
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Susceptibility. — Most  human  beings,  not  all,  are  susceptible  at  any  age. 
Pregnant  women  seem  to  be  especially  susceptible.  As  to  races,  blacks 
seem  to  be  highly  predisposed.  The  disease  may  occur  along  with  other 
infectious  processes   (diphtheria,  chickenpox,  whooping-cough,  malaria). 

Immtinity. — One  attack  usually  yields  immunity  for  the  rest  of  life,  but 
eases  of  two  and  of  even  more  attacks  are  on  record.  The  active  immunity 
does  not  seem  to  be  a  blood  immunity  but  rather  an  immunity  of  the  cells 
of  the  epidermis. 

Contagiousness;  Inoubation  Period;  Mortality. — The  disease  is  conta- 
gious at  all  stages,  from  the  incubation  period  until  after  the  crusts  have 
fallen ;  the  most  dangerous  period  is  that  of  the  exanthem. 

The  duration  of  the  incubation  period  is  variously  estimated  at  from' 
1  to  13  days.    The  period  is  shorter  in  variola  inoculata. 

The  severity  of  the  disease  varies  considerably  in  different  epidemics. 
The  mortality  before  vaccination  was  introduced  was  enormous ;  from  7-10 
per  cent  of  all  deaths  were  due  to  smallpox.  The  death  rate  in  unvac- 
cinated  persons  ranges  from  25-35  per  cent  (Osier).  There  is  still  far  too 
much  smallpox  in  the  United  States  and  Canada,  due  to  neglect  of  vacci- 
nation, and  the  absurd  fanatacism  of  antivaccinationists.  We  still  have 
from  25,000  to  30,000  cases  per  year  in  the  United  States  alone ! 

Symptoms. — The  incubation  period  is  followed  by:  (1)  The  initial 
STAGE,  beginning  with  the.  appearance  of  the  fever  and  ending  with  the 
appearance  of  the  exanthem.  (2)  The  eruvtive  stage,  during  which  the 
exavthem,  beginning  on  the  scalp  and  face,  passes  gradually  downward 
over  the  body  and  is  associated  with  a  marked  remission  of  the  tempera- 
iure  at  the  same  time,  the  enanthem  appears  on  the  muccus  membrane  of 
the  mouth  and  throat  This  stage  lasts  until  the  first  vesicles  appear  in 
the  middle  of  some  of  the  papules.  (3)  The  florid  stage.  This  begins 
with  the  vesiculation  of  the  papules  and  ends  when  the  vesicles  begin  to 
change  to  pustules ;  it  is  accompanied  by  a  moderate  elevation  of  tempera- 
ture and  by  enlargement  of  the  single  skin  lesions.  (4)  The  stage 
op  SUPPURATION.  During  this  stage  the  contents  of  the  vesicles  become 
purulent.  It  is  the  most  dangerous  stage.  The  fever  is  remittent,  corre- 
sponding to  the  suppuration.  (5)  The  stage  of  desiccation.  The 
pustules  now  begin  to  dry  up;  the  temperature  falls  by  lysis.  (6) 
The  stage  ok  decrustation.  As  a  result  of  the  desiccation,  scabs  are 
formed  on  the  surface  and  the  defects  in  the  epidermis  and  corium  under- 
neath gradually  heal,  leaving  pigmented  areas  or  scars  behind. 

The  typical  form  of  smalli)ox  is  the  so-called  (1)  variola  discreta. 
Less  common  forms  are:  (2)  variola  confluens,  in  which  the  single  efflores- 
cences appear  in  such  large  numbers  that  they  fuse  with  one  another;  (3) 
varioloid,  in  which  the  number  of  efflorescences  is  very  scanty  and  the 
inflammatory  phenomena  in  the  suppurative  stage  slight;  (4)  variola  sine 
eruptione,  very  mild  cases   in  which   no  exanthem  occurs   at   all,   the 
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whole  disease  being  completed  at  the  end  of  the  initial  stage;  (5)  variola 
hemorrhagica,  in  which,  owing  to  the  presence  of  a  hemorrhagic  diathesis, 
hemorrhages  occur  into  the  vesicles  and  pustules,  giving  rise  to  so-called 
''black"  smallpox;  (6)  purpura  variolosa,  an  absolutely  fatal  form,  in 
which  an  acute  hemorrhagic  diathesis  develops  suddenly,  with  high  fever, 
due  to  the  smallpox  virus,  and  death  occurs  before  any  exanthem  appears ; 
and  (7)  rariolu  inoculata,  due  to  inoculation  of  smallpox  virus,  and 
taking  a  peculiar  clinical  course. 

(a)    Variola  discreta 

At  the  end  of  the  incubation  period,  the  patient  begins  to  feel  chilly, 
and  may  have  an  actual  rigor,  the  temperature  rising  in  a  few  hours  to 
103°  or  104°  F.,  and  remaining  at  this  level  for  3  days,  with  slight 
morning  remissions.  The  patient  complains  of  severe  headache,  dizziness, 
and  anorexia,  but  the  most  important  symptom  of  this  initial  stage  is 
the  severe  pain  in  the  lumbosacral  region.  During  this  period,  a  pro- 
dromal exanthem,  appears  in  many  of  the  cases.  It  may  take  either  one 
of  two  forms:  (a)  a  macular  rash  of  pale  rose  or  dark  rose  color,  the 
macules  varying  in  size  from  that  of  a  pea  to  that  of  a  thumb-nail,  some- 
times fusing  with  one  another  to  form  large  diffuse  reddened  areas.  This 
rash  is  sometimes  spoken  of  as  the  "measly*'  form,  but  in  reality  it  does 
not  closely  resemble  the  measles  exanthem,  the  central,  dark,  slightly 
raised  part  of  the  measles  efflorescence  not  being  present.  This  type  of 
rash  usually  appears  on  the  second  day  of  the  fever  and  is  most  often  seen 
on  the  face,  and  on  the  extensor  surfaces  of  the  limbs,  less  often  on  the 
trunk.  It  lasts  only  a  few  hours,  as  a  rule,  though  it  has  been  known  to 
continue  for  a  couple  of  days.    It  is  often  overlooked. 

(b)  The  second  or  scarlatiniform  initial  exanthem  is  much  more  local 
in  its  distribution,  being  usually  situated  in  the  so-called  Simon's  fem- 
oral TBiANGLE,  the  basc  of  which  is  formed  by  a  line  connecting  the 
two  anterior  superior  iliac  spines  with  one  another,  and  the  sides  by  lines 
connecting  these  points  with  a  point  lying  between  the  knees  when  the 
thighs  are  completely  adducted.  The  triangle,  accordingly,  includes  the 
skin  of  the  lower  abdomen,  and  that  of  the  anterior  and  medial  surfaces 
of  the  thighs.  This  exanthem  usually  appears  on  the  first  day  of  the 
fever  (earlier  than  the  rash  above  described).  It  takes  the  form  of  a 
diffuse,  even  discoloration  of  the  skin,  of  a  red  color,  often  with  a  cya- 
notic cast.  This  exanthem  so  closelv  resembles  that  seen  in  scarlet  fever 
that  it  is  sometimes  called  the  "scarlatiniform"  exanthem.  In  its  area, 
petechiae  may  occur.  Occasionally,  this  form  of  exanthem  is  met  with 
on  the  lateral  surface  of  the  trunk ;  in  other  instances,  it  is  seen  on  the 
lateral  region  of  the  thorax,  or  on  the  medial  and  anterior  surfaces  of 
the  upper  arms  ("shoulder  triangle"). 
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The  initial  exanthemata  are  more  abundant  in  some  epidemics  than 
in  others. 

The  Initial  8ta^. — This  is  ushered  in  with  fever,  headache,  aild  severe 
pains  in  the  back,  in  which  the  above  described  initial  exantbems  may 
appear;  it  lasts  about  3  days. 

The  EmptlTe  Stajfe. — On  the  face,  on  the  hairy  scalp,  and  on  the  upper 
part  of  the  chest,  the  typical  exanthem  now  begins  to  appear.      At   the 
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same  time,  there  is  a  marked  remission  in  the  temperature,  the  headache 
and  pains  in  the  back  become  much  less,  the  patient  feels  very  much 
better,  and  may  think  that  he  is  getting  well.     He  breaks  out  into  a  pro- 
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fuse  sweat,  and  may  himself  attribute  the  begimiing  eruption  to  the 
sweating.  During  the  3  days  of  this  stage,  the  temperature  gradually 
falls  to  nonnal.  On  examining  the  exanthem,  it  is  found  to  consist  of 
single  papules,  elevated  a  little  above  the  level  of  the  skin ;  these  are  of 
the  size  of  a  small  pin's  head,  and  are,  ordinarily,  about  1  cm.  apart  at 
first,  though  they  rapidly  increase  in  size,  and  become  of  a  deeper  red 
color,  during  the  2  or  3  days  following  their  appearance.  By  the  sixth 
dar  of  the  disease,  they  are  of  the  size  of  peas,  and  are  palpable,  as 
finn  nodules.  The  exanthem  gradually  spreads  from  above  downward, 
lesions  being  most  numerous  on  the  face  and  scantiest  on  the  feet.  Areas 
of  the  skin  in  which  the  scarlatinal  initial  rash  was  present  are  often 
relatively  free  from  the  exanthem.  The  exanthem,  however,  involves 
practically  the  whole  skin  of  the  body,  the  individual  lesions  being  more 
advanced  headward,  and  progressively  less  advanc>ed  as  the  feet  are  ap- 
proached. 

Contemporaneous  with  the  exanthem,  an  enanthem  appears  in  the 
mouth  and  throat;  it  can  be  seen  also  in  the  mucous  membrane  of  the 
n(«e,  in  the  conjunctiva,  in  the  vagina,  and  in  the  rectum. 

The  Florid  Stage. — This  begins  when  the  papules  on  the  face  begin  to 
become  vesicular.  In  the  most  prominent  part  of  the  papule,  now  about 
the  size  of  a  pea,  a  minute  glistening  vesicle  appears.  This  vesicle  gradu- 
ally enlarges,  and  becomes  distended  with  serum;  it  rests  upon  a  tough, 
infiltrated  base,  this  in  turn  being  surrounded  by  a  narrow  red  halo.  The 
vesicle  has  a  characteristic  gray  color,  and  looks  opalescent,  reminding 
one  of  mother-of-pearl.  Each  vesicle  is  subdivided  by  septa,  so  that, 
to  empty  it,  several  pricks  at  the  circumference  are  required  to  release 
the  clear  contents  (variola  lymph).  About  2  days  are  required  to  com- 
plete the  transformation  of  the  papules  into  vesicles  in  this  florid  stage. 
The  temperature  remains  low. 

Similar  changes  take  place  in  the  enanthem,  and  cause  subjective 
discomfort  Here,  however,  the  vesicles  often  rupture,  leaving  erosions, 
or  shallow  •  ulcers,  behind.  There  is  salivation,  dysphagia,  hoarseness, 
nasal  obstruction,  and  pain  on  urination  and  on  defecation. 

Stage  of  Suppuration. — The  florid  stage  changes  at  the  end  of  2  or  at 
most  3  days  into  the  dangerous  suppurative,  or  maturative,  stage  (end 
of  the  first,  or  beginning  of  the  second,  week  of  the  disease).  The  temper- 
ature again  rises.  This  is  the  most  dreadful  stage  for  the  patient,  as 
Hs  snfferings  become  intense,  owing  to  the  painful  skin  and  mucous 
membranes,  the  intense  itching,  and  the  burning  of  the  eyes.  The  vesi- 
cles become  filled  with  pus,  the  halo  about  each  pustule  enlarges,  and, 
where  the  pustules  are  clo^e  together,  the  skin  becomes  diffusely  red 
and  swollen  from  inflammatory  edema.  The  patient  can  scarcely  open 
lis  eyes,  owing  to  the  swelling,  and  the  whole  face  becomes  a  caricature, 
scarcely  recognizable.     As  the  vesicles  become  purulent,  or  even  earlier, 
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many  of  them  show  umbilication.  The  purulent  change  begins  in  the 
vesicles  of  the  face  and  head,  and  gradually  extends  downward,  as  did  the 
original  eruption.  The  ulcers  in  the  mouth  excrete  pus.  The  breath 
becomes  extremely  fetid.  The  cough  becomes  more  troublesome,  the 
respiration  noisy.  The  patient  gives  off,  at  this  period,  the  typical  specific 
penetrating  smallpox  odor. 

The  temperature  chart  shows  a  steplike  rise  of  the  fever-curve. 
Sometimes  the  patient  becomes  dull  and  delirious.  The  pulse  is  accel- 
erated, of  low  tension,  and  often  arhythmic. 

By  the  middle  of  the  second  week,  some  of  the  i)iistules  begin  to  break, 
the  suppuration  continues,  the  fever  remaining  high  and  remittent,  imtil, 
by  the  end  of  the  second  week,  the  process  begins  to  ameliorate  and  desic- 
cation and  crust  formation  follow. 

Stage  of  Desiccation. — This  stage,  like  the  other  stages,  begins  in  the 
face,  the  diffuse  inflammatory  process  diminishes,  the  temperature  gradu- 
ally falls  by  lysis,  and  the  pustules  dry  up,  with  the  formation  of 
brownish,  rough-looking  scabs.  As  the  hyperemia  diminishes,  the  in- 
filtration at  the  base  of  the  single  pustules  grows  less.  By  the  end  of  the 
third  week,  the  desiccation  has  involved  all  of  the  lesions,  as  far  as  the 
feet.  The  enanthem  undergoes  simultaneous  regressive  changes,  as  the 
temperature  gradually  falls  to  normal.  The  patients  begin  to  sleep 
better,  and  the  appetite  improves.  During  the  desiccation,  pruritus  is 
usually  marked,  and  the  patients  have  to  be  warned  against  scratching. 

Stage  of  Decrustation. — At  the  end  of  the  third  week  the  scabs  begin  to 
loosen  and  to  fall  off,  leaving  brownish,  pigmented  areas  or  scars  behind. 
The  number  of  scars  depends  upon  the  extent  of  the  involvement  of 
the  corium.  These  scars  persist  through  life.  They  are  most  niunerous 
on  the  face.  In  some  patients,  locks  of  hair  fall  out;  fortunately,  it 
grows  in  again,  if  the  lesions  are  not  too  deep.  The  stages  of  desiccation 
and  decrustation  occupy  a  period  of  2  or  3  weeks,  and  the  patients,,  during 
this  period,  improve  in  every  way,  though  the  muscular  weakness  may 
be  very  marked.  The  total  duration  of  the  disease,  in  uncomplicated 
cases  ending  in  cure,  amounts,  therefore,  to  4  or  5  weeks. 

Papules  on  the  palms  of  the  hand  and  soles  of  the  feet  may,  on  account  of 
the  thickness  of  the  superficial  epithelium,  never  form  pustules  on  the  surface. 
The  products  of  these  deep-lying  lesions  are  therefore  not  cast  off  by  decrustation, 
but  must  be  slowly  absorbed,  a  process  often  taking  months.  During  this  time  the ' 
appearance  of  the  round,  mahogany-colored,  or  brown  spots  in  the  skin  of  -the 
palms  and  soles  is  diagnostic  of  the  past  attack  of  smallpox. 

The  blood  in  smallpox  has  been  studied  especially  by  Kammerer.  The 
white  cell  count  is  increased  in  the  florid  stage  (10,000  to  20,000  W.  B. 
C),  but  it  gradually  decreases  afterward.  The  increased  number  of  white 
cells  is  due  chiefly   to  an  absolute  increase  in  the  lymphocytes,  and  a 
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relative  lymphocytosis  can  be  made  out  for  as  long  as  3  months  after 
the  attack.  The  polymorphonuclear  neutrophils  are  relatively  di- 
minished;  though  their  absolute  numbers  may  be  normal,  or  slightly  in- 
creased. In  the  severer  cases,  a  small  number  of  myelocytes  and  of  nor- 
moblasts may  appear  in  the  blood.  The  large  mononuclears  and  transi- 
tionals  seem  to  be  unchanged,  and  no. marked  alterations  in  the  number 
of  eosinophils  and  of  polymorphonuclear  basophils  have  been  made  out. 
It  is  surprising  that  there  is  not  a  great  increase  in  polymorphonuclear 
neutrophils  during  the  suppuration  stage. 

These  blood  findings  may  be  of  some  help  in  differential  diagnosis, 
since,  as  we  have  seen,  there  is  an  outspoken  leukopenia  in  measles,  and 
an  outspoken  eosinophilia  in  scarlet  fever.  Unfortunately,  the  blood- 
findings  are  not  of  much  help  in  distinguishing  chickenpox  from  small- 
pox. 

Mortality. — The  death  rate  in  variola  discreta  varies  in  different  epi- 
denaics,  but  usually  is  between  15  and  25  per  cent 

(6)    Variola  confluens 

This  is  the  severest  of  the  purely  pustular  forms  of  smallpox;  most 
of  the  cases  die.  This  type  gets  its  name  from  the  fact  that  the  single 
lesions  fuse  together  in  the  suppurative  stage,  owing  to  their  large  num- 
ber. All  the  subjective  symptoms  of  every  stage  are  exaggerated.  There 
is,  of  course,  every  degree  of  transition  between  variola  discreta  and  variola 
confluens.  The  several  stages  are  usually  shorter  than  in  variola  dis- 
creta, the  whole  process  running  its  course  more  quickly;  sometimes  the 
whole  face  looks  as  though  it  were  a  single  vesicle  or  pustule  ("parchment 
masV).    • 

In  these  cases,  the  heart  muscle  is  often  severely  injured,  and  death  is 
frequently  due  to  myocardial  insufficiency.  Hyperpyrexia  is  frequently 
seen.  Occasionally,  a  patient  recovers,  with  deep  disfigurement  (scars, 
loss  of  hair,  corneal  turbidities,  and  ectropion). 

(c)     Varioloid 

In  so-called  varioloid,  the  exanthem  is  scanty  and  the  suppurative  stage 
mild.  Many  of  these  patients  recover  without  any  scarring.  In  the 
initial  stage,  patients  suffering  from  varioloid  are  more  apt  to  have 
the  "rash"  than  the  "scarlatiniform  exanthem."  All  the  stages  are  short- 
ened. The  enanthem  is  usually  slight.  The  single  efflorescences  are 
smaller,  and  more  delicate,  than  in  variola  discreta. 

This  is  the  form  of  smallpox  that  we  most  often  see  nowadays, 
owing  chiefly  to  the  prevalence  of  vaccination.  The  cases  are  often  in- 
correctly diagnosed  owing  to  their  mildness,  but  the  skilled  observer,  who 
carefully  considers  the  anamnesis  and  the  course  of  the  disease,  especially 
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the  developmental  process  from  the  smallest  papule  to  the  single  pustules, 
will  scarcely  fall  into  error.  When  a  chickenpox  case  is  not  seen  until 
its  late  stages,  and  an  anamnesis  is  not  obtainable,  differentiation  may 
not  be  possible  without  inoculation  of  a  rabbit's  cornea. 

(d)    Variola  sine  eruptione 

The  initial  stage  is  like  that  of  variola  discreta.  The  initial  rash  may  be 
present,  but  the  eruptive  stage  does  not  appear.  In  order  to  make  a  diagnosis, 
the  possibility  of  infection,  the  determination  of  the  incubation  period,  and  the 
exclusion  of  other  causes  for  the  fever  are  necessary.  Cases  of  smallpox  without 
exanthem  are  certainly  not  uncommon;  they  are  probably  more  numerous  than 
we  realize,  and  are  doubtless  responsible,  when  they  go  unrecognized,  for  the 
spread  of  the  disease.  Many  of  these  patients  continue  ambulatory.  The  whole 
process  is  mild,  and  there  is  no  mortahty. 

(e)     Variola  hemorrhagica 

(Variola  picstulosa  hemorrhagica.  Black  Smallpox) 

This  form  is  characterized  by  its  complication  with  a  hemorrhagic  diathesis. 
It  occurs  most  often  in  older  people  who  are  run  down,  and  is  common  in  alcoholics 
and  in  the  cachectic. 

The  initial  stage  is  severe  (high  fever,  severe  pains  in  the  back).  The  eruptive 
stage  lasts  longer;  indeed,  the  whole  course  of  the  disease  is  prolonged.  The 
hemorrhages  may  begin  to  appear  during  the  stage  of  eruption,  or  in  the  florid 
stage,  though  they  are  most  common  in  the  suppurative  stage.  The  temperature 
as  a  rule  is  not  high  during  the  suppurative  stage.  The  lesions  as  a  result  of  the 
hemorrhages  turn  bluish-black  in  color.  The  skin  between  the  lesions  is  pale. 
It  is  interesting  that  the  hemorrhages  begin  in  the  pocks  of  the  lower  extremities 
and  gradually  extend  upward,  contrary  to  the  general  rule  regarding  the  diJSerent 
stages  of  the  eruption  in  smallpox.  Hemorrhages  in  the  skin,  between  the  pus- 
tules, sometimes  occur.    They  may  also  occur  in  the  mucous  membranes. 

Most  of  these  cases  are  fatal.  Should  recovery  occur,  convalescence  is 
protracted. 

(/)    Purpura  variolosa 

This  form  is  invariably  fatal.  Young,  strong  persons  of  both  sexes,  and 
pregnant  women,  are  most  frequently  victims.  The  eruptive  stage  does  not  appear, 
the  severe  hemorrhagic  diathesis  developing  in  the  initial  stage,  and  causing  death 
before  the  outbreak  of  the  exanthem. 

Concerning  the  etiology,  there  can,  however,  be  no  doubt,  since  the  disease  is 
contracted  from  patients  showing  the  pustular  form,  and  a  patient  suffering  from 
it  may  lead  to  the  infection  of  others  in  whom  typical  pustular  forms  develop. 

The  incubation  stage  is  shortened.  The  initial  symptoms  are  violent.  On  the 
first  or  second  day  of  fever,  a  diffuse  scarlatiniform  erythema,  with  pin-head-sized 
cutaneous  hemorrhages,  develops  all  over  the  body.  The  hemorrhages  spread 
rapidly;  in  the  face,  they  often  follow  the  folds  of  the  skin,  giving  rise  to  bluish- 
black  streaks.  The  eyelids  become  black  and  blue  from  the  extravasations,  and 
blood  oozes  from  the  mouth  and  nose.  There  are  often,  also,  hemorrhages  from 
the  mucous  membranes  (lungs,  intestine,  stomach,  bladder).  Death  occurs  between 
the  third  and  the  fifth  day. 
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(g)    Variola  inoculata 

This  is  now  seldom  seen,  but,  before  the  introduction  of  vaccination,  was 
known  to  every  physician.  It  may  occasionally  occur  accidentally,  through  inocu- 
lation of  the  skin  of  a  ''contact." 

After  an  incubation  period  of  3  or  4  days,  a  small  papule  appears  at  the  site 
of  inoculation,  and  gradually  increases  in  size  and  in  elevation;  next,  a  small 
vesicle  appears  in  the  papule  and  gradually  enlarges;  its  contents  are  at  first 
clear.  On  the  sixth  or  seventh  day,  a  marked  areola  develops  around  the  vesicle,  and 
its  contents  become  purulent.  The  temperature  rises,  and  the  general  phenomena 
may  be  severe.  After  3  days  of  this,  the  temperature  falls,  the  subjective  symp- 
toms lessen,  and  a  general  eruption,  corresponding  entirely  to  that  of  ordinary 
variola  discreta,  appears,  its  severity  eorrespimding  to  the  number  of  lesions.  The 
eouise  is  usually  that  of  varioloid. 

The  main  differences  between  variola  inoculata  and  variola  discreta  are:  (1) 
the  shortening  of  the  incubation  period  to  7  days,  and  (2)  the  divisibility  of  the 
whole  course  into  two  parts:  (a)  local  phenomena,  during  the  first  7  days,  (b)  gen- 
eralized exanthem,  afterward. 

Complications  of  Smallpox. — These  include  (1)  pyemic  metastases, 
(2)  erysipelas,  (3)  local  phlegmons,  (4)  suppurative  buboes  in  regional 
lymph  glands,  (5)  bronchitis  and  bronchopneumonia,  (6)  pleuritis,  (7) 
myocardial  insufficiency,  (8)  polyarthritis,  (9)  encephalitis  and  myelitis, 
(10)  polyneuritis,  (11)  otitis  media,  (12)  keratitis  with  perforation, 
iritis,  and  panophthalmitis. 

Diagnosis. — This  should  not  be  difficult,  if  what  has  been  said  r^arding 
the  symptoms  and  the  whole  course  of  the  disease  be  attentively  considered. 
We  first  consider  whether  we  have  to  deal  with  a  universal  exanthem,  or 
with  a  local  eruption.  If  it  be  local^  variola  can  be  excluded  and  the 
disease  will  probably  turn  out  to  be  acne,  eczema,  herpes,  furunculosis, 
prurigo,  impetigo  contagiosa,  or  some  similar  eruption.  Among  the  unir 
versal  exanthematous  diseases  we  have  to  distinguish  smallpox  (1)  from 
measles  (higher  fever  in  the  papular  stage,  Koplik's  spots) ;  (2)  from 
rubeola  (macules,  not  papules,  simultaneous  appearance  all  over  the  body 
rather  than  spread  from  above  downward) ;  (3)  from  scarlet  fever 
(severer  angina,  pallor  about  the  mouth,  fever  highest  when  the  exanthem 
appears)  ;  (4)  from  typhus  and  typhoid  fever  (no  fall  of  temperature 
with  the  exanthem;  blood  culture  in  typhoid)  ;  (5)  from  varicella  (typical 
large,  watery,  clear  vesicles,  surrounded  by  narrow  red  zone  appearing 
within  a  few  hours,  without  marked  infiltration  of  the  base). 

When  there  is  the  least  doubt  about  the  diagnosis,  the  patient  should 
he  treated  (W  a  case  of  smallpox  until  a  decision  has  been  arrived  at. 
Whenever  necessary,  the  corneal  experiment  should  be  resorted  to  to  settle 
the  diagnosis. 

If  the  patient  suspected  to  be  coming  down  with  smallpox  has  not 
teen  vaccinated,  he  should  be  vaccinated  at  once.  If  this  be  done  in  what 
looks  like  a  florid  stage,  or  a  suppurative  stage,  and  is  followed  by  a 
typical  vaccination  lesion,  variola  can  be  excluded. 
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7.    Vaccinia  (Cowpox  and  Vaccination) 

The  nature  of  this  disease  of  cattle  has  been  described  above  in  con- 
nection with  smallpox. 

The  lymph  from  the  vaccinia  vesicles  is  used  as  a  vaccine  to  protect 
human  beings  from  smallpox. 

Vaccine  vims  is  usually  obtained  from  calves  suflFering  from  cowpox, 
though  men,  monkeys,  guinea-pigs,  rabbits,  rats,  camels  and  many  other 
animals  are  susceptible,  and  lymph  from  the  lesions  produced  in  them 
has,  also,  sometimes  been  used  for  vaccination. 

Formerly,  vaccine  virus  obtained  from  human  beings  was  much 
employed,  but  since  bovine  virus  can  be  purified  by  glycerin  (Copeman), 
the  use  of  the  latter  b&s  become  almost  universal,  and  the  danger  of 
syphilitic  infection  attendant  upon  the  use  of  human  virus  is  excluded. 

Formerly,  dry  splinters  of  ivory,  coated  with  vaccine-lymph,  were  employed 
in  vaccinating.  Now  the  virus  is  first  treated  with  glycerin  for  a  time  (glycer- 
inated  lymph) ;  this  kills  ordinary  bacteria  but  preserves  the  active  principle  of 
the  vaccine  virus,  provided  the  glycerin  has  not  acted  too  long  upon  it  (not  over 
6  weeks  in  siunmer,  or  3  months  in  winter) .  Vaccine  virus,  even  when  glycerinated, 
ahrays  contains  bacteria,  but  when  the  virus  is  properly  prepared,  they  are  non- 
pathogenic for  man. 

Definition  of  Vaccination. — ^By  this  is  meant  the  transmission  of  cow- 
pox  (vaccinia)  to  man  by  inoculation,  for  the  purpose  of  conferring  on 
him  a  temporary  immunity  against  smallpox  (variola). 

Historical. — In  May,  1796,  JEdward  Jenner  took  some  of  the  lymph 
from  a  pustule  in  a  milkmaid  who  had  accidentally  inoculated  herself 
with  "original"  cowpox,  and  inoculated  an  eight  year  old  boy  with  it. 
The  boy  developed  vaccinia  and  recovered.  Jenner  then  inoculated  him 
with  smallpox  virus.  The  boy  did  not  develop  variola  inoculata  but 
remained  healthy.  During  the  following  two  years,  Jenner  made  several 
such  tests  on  different  persons  with  the  same  result,  and  in  1798  pub- 
lished his  celebrated  article  in  which  he  advised  the  general  adoption 
of  vaccination  with  cowpox  as  a  prophylactic  measure  against  smallpox. 
This  was  one  of  the  greatest  discoveries  ever  made  by  a  medical  man. 

Technic. — Vaccination  is  a  slight  surgical  operation,  which  should  be 
aseptically  performed.  Formerly,  vaccination  was  done  by  scarification, 
or  hy  scratching.  This  method  is  now  prohibited  by  law  in  Germany, 
aa  it  invites  infection  (pyogenic  cocci,  tetanus  bacilli).     The  best  method 
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of  vaccination  is  by  incisions  with  the  point  of  a  scalpel,  or  of  ft  sharp, 
flat  needle.  The  incisions  should  not  be  deep  enough  to  draw  blood, 
though  the  line  of  the  cut  may  be  blood-tinged ;  if  a  drop  of  blood  appears, 
it  does -no  harm.  Three  or  four  incisions,  parallel  to  the  long  axis  of 
the  arm,  2  cm.  apart,  each  incision  being  1  cm.  long,  are  best.  The  site 
usually  chosen  is  the  lateral  part  of  the  skin  on  the  upper  right  arm; 
in  re-vaccination,  the  left  arm  is  used.  In  young  women,  the  front  of 
the  thigh  may  be  selected  instead  of  the  arm ;  it  is  unwise  to  vaccinate 
little  girls  on  the  thigh.  The  glycerinated  virus  is  then  placed  upon  the 
area  incised,  and  is  gently  rubbed  in  with  the  flat  side  of  the  knife,  or  of 
the  needle,  any  unnecessary  irritation  being  avoided. 

Simple  preparation  of  the  skin  (scrubbing  with  soap  and  water,  fol- 
lowed by  alcohol  and  thorough  drying)  is  enough.  Antiseptics  should  not 
be  used,  as  they  may  kill  the  virus.  The  skin  should  be  perfectly  dry 
before  incision.  The  incisions  are  perhaps  best  made  with  a  sharp  needle, 
since  it  can  be  easily  8terili,zed  by  passage  through  a  flame. 

After  applying  the  vaccine,  the  arm  should  be  allowed  to  dry  in  the 
air  for  15  minutes.  No  dressing  is  required.  An  important  exception 
is  made  in  children,  or  in  adults  who  are  suffering  from  any  skin-lesion 
(eczema,  prurigo,  pemphigus,  etc.),  for  in  them,  through  scratching,  the 
cutaneous  lesions  may  be  infected  with  vaccine  virus,  a  serious  complica- 
tion. In  such  instances,  the  vaccination  site  should  be  covered  with  a 
sterile  gauze  dressing  (free  from  all  disinfectant  substances).  Shields 
are  unnecessary  and  are  often  harmful.  The  person  vaccinated  and  the 
family  should  be  instructed  regarding  the  possibility  of  transferring  virus 
from  the  inoculation  site  to  the  eyes,  to  small  wounds  or  eruptions,  or 
to  rhagades,  on  their  own  bodies,  or  on  the  bodies  of  others,  by  the  fingers 
(scratching).  Mairinger  reports  an  instance  of  a  child  who,  bathing  in 
the  same  bath-water  as  that  used  by  a  child  just  vaccinated,  was  exten- 
sively inoculated  over  the  face  and  trunk. 

A  4  per  cent  alcoholic  solution  of  picric  acid  is  applied  to  the  vac- 
cinated area  48  hours  after  vaccination  by  Schamberg  and  Kolmer.  It 
is  said  to  lessen  the  local  reaction,  and  to  diminish  the  danger  of  bacterial 
infection.  This  precaution  has  not,  as  yet,  been  widely  applied.  During 
the  scabbing  stage,  a  dusting  powder  composed  of  dermatol  10.0,  zinc 
oxide  10.0,  starch  40.0,  and  talcum  40.0  is  recommended  by  Paul. 

Sjrmptoms  Following  Vaccination. — Except  for  slight  traumatic  reac- 
tion, nothing  is  visible  for  3  or  4  days  (period  of  incubation).  If  the  vac- 
cination "takes,"  papules  begin  to  appear  on  the  skin  at  the  sites  of  incision, 
usually  on  the  3d  day.  They  are  round,  or  oval,  firm  papules,  v.  Pir- 
quet's  "papilla,"  of  a  bright  red  color;  they  gradually  grow  more  prom- 
inent, and  are  surrounded,  up  to  the  7th  day,  by  a  narrow  light  red 
zone,  the  aula,  halo,  or  inner  areola.  On  the  5th  or  6th  day,  a  vesicle 
appears  at  the  sununit  of  the  papule.     This  enlarges,  becomes  distend^ 
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with  fluid,  looks  pearl-gray,  is  umbilicated,  and  is,  at  its  base,  sur- 
rounded by  a  swollen  red  areola — the  Jennerian  vesicle — resembling 
a  "pearl  upon  a  rose  leaf."  The  full  development  is  reached  by  the  7th 
or  8th  day.  The  central  umbilication  is  marked;  the  second  red  zone, 
or  outer  areolay  has  formed  (outside  the  aula).  Von  Pirquet  regards  the 
outer  areola  as  the  most  striking  and  characteristic  phenomenon  of  the 
vaccinia  lesion.  A  day  later,  that  is,  at  the  beginning  of  the  2d  week, 
the  stage  of  suppubation  begins.  The  vesicle  turns  yellowish,  and  the 
90K?al]ed  second  umbilication  appears,  the  outer  areola  widens,  and  its 
flaming  red  color  deepens,  the  perivesicular  swelling  increasing. 

The  arm  may  now  be  quite  painful.  By  the  11th  day,  the  distended 
yellow  pustules  stand  out  prominently  on  the  bright  red,  erysipelaslike 
areolar  plateau;  at  the  periphery  of  the  plateau,  however,  the  redness 
goes  over  very  gradually  into  the  color  of  the  normal  skin,  in  marked 
contrast  with  the  sharply  circumscribed  hyperemia  of  erysipelas.  Palpa- 
tion of  the  axilla  reveals  enlarged  and  tender  lymph  glands.  By  tbe  11th 
day,  the  redness  and  swelling  begin  to  go  down,  and  the  stage  of  desicca- 
tion begins.  Two  or  3  days  later,  the  vesicle  dries  up,  and  by  ;the  end 
of  1^-2  weeks,  a  brown,  wrinkled  scab  is  left,  which  should  be  allowed 
to  drop  off  from  itself,  in  order  that  the  healing  process  may  go  on,  imdis- 
turbed,  beneath  it  The  reddish  scar,  later,  turns  white,  and  remains  as 
a  characteristic  'Vaccination  mabk/' 

There  are  often  slight  constitutional  symptoms,  at  the  beginning  of  the 
suppuration,  including  fever.  The  fever  is  of  variable  height ;  the  curve 
shows  a  steplike  ascent;  the  temperature  falls  by  crisis  when  desiccation 
begins. 

Between  the  7th  and  the  14th  day,  there  is  sometimes  a  very  transi- 
tory universal  eocanthem,  consisting  of  small  roseolar  macules,  much  like 
the  "morbilliform  initial  rash''  of  variola.  More  often,  at  the  acme,  a 
few  accessory  pock-lesions  appear  near  the  inoculation  site.  Rarely,  a 
generalized  vaccinia  develops,  small  pustules  breaking  out  all  over  the  body 
at  the  acme,  on  the  9th  or  11th  day,  soon  drying  up  to  small  crusts,  and 
leaving  no  scars.  One  of  my  own  children  had  such  a  generalized  vac- 
cinia. 

The  LEUKOCYTE  COUNT,  as  followed  by  Sobotka,  undergoes  strange 
changes.  On  the  3rd  or  4th  day  after  vaccination,  there  is  an  initial 
leukocytosis^  which  continues  until  the  7th  or  8th  day;  the  count  then 
falls  to  normal  and  lower  {leukopenia)^  continuing  until  the  10th  or  12th 
day,  to  be  followed  by  a  terminal  leukocytosis,  lasting  2-3  days.  In  the 
patients  who  become  more  ill,  and  in  whom  nasty-looking  sores  develop, 
a  complicating  pyogenic  infection  is  probable. 

Successful  vaccination  yields  immunity  against  smallpox  as  soon 
as  the  Jennerian  vesicle  has  developed,  and  also,  for  a  considerable  length 
of  time,  against  vaccinia  itself.     The  nature  of  the  immunity  is  unknown. 
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The  duration  of  the  immunity  against  variola  from  a  single  vaccination  is 
temporary,  not  permanent,  the  duration  varying  in  different  persons. 
On  the  average,  the  vaccinated  person  is  well  protected  against  accidental 
variola  infection  for  about  10  years,  though  the  period  of  protection  against 
variola  inoculata  by  vaccination  is  shorter  than  this. 

Every  child  should  be  successfully  vaccinated  during  its  first  year 
(before  the  second  summer),  and,  again,  about  the  tenth  year.  If  the 
first  vaccination  be  not  successful,  not  "taking"  at  all,  or  yielding  only  a 
rudimentary  result,  it  should  be  repeated.  Should  the  second  vaccina- 
tion with  reliable  vaccine  prove  negative,  the  existence  of  some  natural 
immunity  may  be  assumed.  On  exposure  to  smallpox,  it  is  well  to  re- 
vaccinate,  at  once,  unless  the  patient  is  kno^^7l  to  be  immune,  or  has  been 
successfully  vaccinated  a  very  short  time  before.  Vaccination  at  the  be- 
gimiing  of  the  incubation  period  of  variola  will  either  completely  protect, 
or  protect  enough  so  that  only  varioloid  will  develop. 

The  reactions  on  be- vaccination  have  been  carefully  studied  by  von 
Pirquet  and  have  thrown  much  light  upon  the  phenomena  of  anaphylaxis 
(allergy).  Anyone  interested  in  the  variable  phenomena  of  re-vaccination 
should  consult  his  admirable  monograph. 

Dangers  of  Vaccination. — ^Vaccinia  is  an  acute  infections  disease. 
Moreover,  during  vaccination,  an  open  wound  is  produced,  which,  if  the 
work  be  not  done  aseptically  or  the  lymph  be  bad,  may  become  infected 
("early  infection**) ;  "late  infections,"  when  they  occur,  are  usually  due 
to  improper  care  of  the  arm,  or  to  scratching. 

When  vaccination  is  performed,  with  good  lymph,  and  proper  instruc- 
tions regarding  cleanliness  and  care  during  the  course  of  the  reaction  are 
followed,  the  dangers  are  minimal  and  the  benefit  conferred  enormous. 

In  hemophilia,  if  vaccination  be  done  at  all,  the  greatest  caution  should 
be  observed. 

In  patients  with  leukemia  very  severe  local  reactions  have  been  ob- 
served. 

The  danger  of  auto^noculation  and  hetero-inoculation  of  the  eyes  and 
of  skin  lesions  has  already  been  referred  to. 

Complications. — Wound-infection  from  pyogenic  cocci,  or  from  tetanus 
baciUi,  may  occasionally  occur.  These  are  best  avoided  by  using  pure 
glycerinated  lymph,  and  by  vaccinating  by  incision  instead  of  by  scarifica- 
tion, since  glycerin,  of  itself,  may  not  kill  the  spores  of  tetanus.  All 
vaccine  virus  is  especially  tested  for  tetanus  before  being  placed  on  sale. 
In  the  days  when  human  lymph  was  used,  the  possibility  of  the  trans- 
mission of  syphilis  was  much  discussed ;  the  use  of  animal  lymph  excludes 
this  possibility. 

Vaccine  virus  is  believed  to  be  a  modified  form  of  smallpox  virus  (see  Small- 
pox). It  is  possible  that  the  cause  of  smallpox  is  the  parasite  Cytorrhyctes 
^nnoke,  described  by  Councilman,  Brinkerhoff  and  Tyzzer.    This  parasite  appears 
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to  have  a  sexual  and  an  asexual  cycle.  According  to  Calkins,  smallpox  is  caused 
by  the  combined  asexual  and  sexual  cycle  of  the  same  parasite,  the  sexual  cycle 
occurring  in  a  nucleus  of  the  epithelial  cell.  If  the  parasite  loses  its  power  to 
generate  by  sexual  division  (as  in  cowpox),  it  can  never  regain  it.  Thus  while 
smallpox  may  be  modified  into  cowpox,  cowpox  can  never  be  changed  back  to 
smallpox  again.  Though  this  view  has  not  yet  been  generally  adopted,  it  is 
suggestive  and  interesting. 
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8.    Sweating-Sickness 

(Febris  miliaris) 

Definition. — Sweating-sickness  is  a  disease  formerly  prevalent  and  very  fatal 
in  E^land,  but  now  largely  confined  to  France  and  Italy.  It  occurs  in  epidemics 
in  which  a  large  number  of  persons  are  attacked  within  a  few  days  by  fever, 
profuse  sweats,  and  an  eruption  of  miliary  vesicles.  In  the  severe  cases,  there 
may  be  delirium,  prostration  and  a  hemorrhagic  diathesis. 

Etiology. — The  cause  is  unknown.  The  disease  is  directly  contagious,  and  the 
virus  Lb  probably  air-borne.  The  epidemics  occur  in  spring  and  in  summer. 
Relapses  are  common  in  the  first  or  second  week  of  convalescence. 

Diagnosis. — ^This  is  difiicult  to  make  at  the  beginning  of  an  epidemic;  after- 
ward, it  is  easy.    The  early  cases  are  often  taken  to  be  measles  or  scarlet  fever. 
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9.    Rocky  Mountain  Spotted  Fever 

Definition. — An  acute  infection,  characterized  by  chills,  fever,  pains  in  the 
back  and  bones,  and  a  macular  ezanthem,  which  is  sometimes  hemorrhagic.  It 
oeeors  especially  in  Montana  (Bitter-root  YaUey),  Idaho,  Nevada  and  Wyoming, 
in  the  mountainous  districts. 

Etiology. — The  nature  of  the  virus  is  unknown,  but  the  disease  is  undoubtedly 
transmitted  by  a  tick  (Dermacentor  occidentalis) ,  as  shown  by  King  and  Ricketts. 
Wilson  and  Chowning  believed  that  the  disease  is  due  to  a  piroplasma,  but  this 
has  not  been  confirmed.  Guinea-pigs  and  monkeys  are  susceptible.  One  attack 
yields  immunity.  Immune  sera  can  be  produced  in  g^nea-pigs  and  in  horses 
(Ricketts;  Hanemann  and  Moore). 

Symptoms. — The  incubation  period  is  from  3  to  10  days.  The  onset  is  then 
sudden  with  chill,  fever  and  pains  over  the  body.  A  rash  appears  on  the  2d  to  the 
7th  day  resembling  that  of  typhus  exanthematicus,  the  macules  usually  becoming 
hemorrhagic.  Fever  of  103^-105°  F.  develops.  Delirium  is  common.  After  a 
course  of  3  weeks,  convalescence  begins.  The  mortality  is  variable;  it  was  small 
in  Idaho  (3  per  cent) ;  high  in  Montana  (70  per  cent).  The  tick  that  transmits 
the  yirus  lives  upon  the  bodies  of  horses  and  of  cattle. 

Differential  Diagnosis. — The  disease  must  be  distinguished  (1)  from  measles; 
(2)  from  typhus  exanthematicus;  (3)  from  influenza;  (4)  from  dengue;  (5)  from 
epidemic  cerebrospinal  meningitis;  and  (6)  from  typhoid. 
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B.    Non-Exanthematous  Diseases 

L    Mumps 

(Parotitis  epidemica,  Ger,  Ziegenpeter,  Fr.  OreillonSy  Hal.  Orecchioni) 

Definition. — Mumps  is  a  specific,  febrile,  infectious  disease,  most  often 
met  with  in  the  young ;  it  is  extremely  contagious,  and  causes  an  acute  in- 
flammation of  one  or  more  of  the  larger  salivary  glands,  usually  the  paro- 
tid, on  one  or  both  sides.  It  has  been  known  since  the  time  of  Hippoc- 
rates, who  described  it  carefully  and  knew  of  its  contagiousness  and  of  the 
occurrence  of  a  complicating  orchitis. 

Etiology. — The  nature  of  the  virus  is  unknown.  It  is  probably  no 
ordinary  bacillus  or  coccus,  but  is  more  likely  a  virus  like  that  of  the 
acute  exanthemata  or  like  that  of  the  Heine-Medin  disease,  lyssa,  etc 
Attempts  to  reproduce  the  disease,  in  animals  have  failed,  until  recently 
(1913).  Nicolle  and  Conseil  assert  that,  on  intraparotid  injection  into 
monkeys  of  a  punctate  from  the  swelling  in  human  mumps,  a  mild  fever, 
lasting  several  days,  is  manifested  after  an  incubation  period  of  16-26 
days ;  in  one  of  the  monkeys,  the  parotid  gland  became  slightly  swollen. 

Epidemiology. — The  disease  is  directly  contagious  from  person  to  per- 
son, and  the  danger  of  contagion  lasts  for  several  weeks.  The  disease 
is  often  met  with  in  epidemics,  but  sporadic  cases  also  occur.  Local 
epidemics  are  common,  confined  to  a  single  institution  (orphan  asylum, 
jail,  ship,  barracks),  or  even  to  a  single  house,  or  to  a  single  room  in  a 
house.  The  virus  can  be  carried  by  healthy  intermediate  persons.  It  is 
remarkable  that  many  persons  exposed,  and  presumably  susceptible  to 
it,  do  not  contract  the  disease.  Spread  by  fomites  has  not  been  estab- 
lished. The  disease  is  more  common  in  cold  wet  weather  than  at  other 
seasons,  but  it  occurs  at  all  times  of  the  year.  The  spread  of  the  disease 
seems  to  correspond  more  or  less  closely  to  that  seen  in  diseases  like  diph- 
theria and  epidemic  meningitis.  One  attack  usually  yields  permanent 
immunity,  but  not  always;  well-established  instances  of  two,  and  of  even 
several,  attacks  are  on  record. 
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Sjrmptonui. — The  incubation  period  varies  between  14  and  24  days. 
After  2  or  3  days  of  fever,  headache,  diarrhea,  anorexia,  insomnia,  and 
pain  in  the  neck,  a  triangular  swelling  rapidly  appears  in  front  of.  and 
beneath,  one  or  both  ears,  and  pain  is  felt  on  opening  the  mouth,  on  chew- 
ing and  on  swallowing.  Sometimes,  the  swelling  of  the  gland  occurs  un- 
heralded by  prodromata. 

The  fever  is  intermittent,  or  remittent,  and  lasts  only  3-4  days,  as  a 
rule,  and  is  not  high ;  it  falls  by  lysis.  Should  the  disease  process  extend 
to  other  salivary  glands,  or  should  complications,  like  orchitis,  set  in,  the 
fever  returns. 

The  disease  is  most  often  bilateral,  though  one  gland  swells  usually 
before  the  other,  the  left  gland  swelling  first,  as  a  rule.  The  inflamma- 
tory process  involves  also  the  periglandular  tissues,  so  that  the  whole  cheek 
from  the  ear  down  to  the  margin  of  the  mandible,  and  behind  as  far  as  the 
mastoid,  looks  swollen;  sometimes  the  whole  face  is  so  markedly  swollen 
that  the  person  is  almost  unrecognizable;  the  face  is  a  huge  pyramidal 
'Imnp,"  covered  by  white  tense  skin.  The  ears  stand  out  from  the  head 
and  give  the  patient  a  comical  facial  expression,  or  one  suggestive  of 
imbecility  (hence  the  German  names  Ziegenpeter  and  BauemwetzeL 
Occasionally  the  other  salivary  glands  are  inflamed  also,  and  the  lacrimal 
glands  may  be  involved.  Salivation  or  suppression  of  salivary  secretion 
may  occur.  When  all  the  salivary  glands  are  swollen,  together  with  the 
tissues  about  them,  the  head  and  neck  assume  the  shape  of  a  huge  pear  I 
The  neck  may  be  greater  in  circumference  than  the  head. 

The  head  is  held  in  typical  attitudes.  In  the  unilateral  affection,  the 
muscles  on  the  diseased  side  are  relaxed  and  the  head  is  turned  toward 
the  swollen  parotid ;  in  the  bilateral  affection,  the  head  is  held  straight  and 
rigidly,  and  the  face  looks  anxious.    There  is  stomatitis  and  fodor  ex  ore. 

The  blood,  as  a  rule,  shows  no  leukocytosis ;  in  some  cases,  however,  an 
outspoken  leukocytosis  has  been  met  with  (16,000;  50,000).  There  is  a 
relative  increase  in  the  mononuclear  elements. 

Relapses  are  not  uncommon. 

About  a  week  after  the  glands  have  begun  to  swell,  the  swelling  goes 
down  without  suppuration,  and  no  residua  are  left.  In  adults,  orchitis 
is  not  uncommon  (oophoritis  is  less  common)  ;  in  rare  cases,  it  may  be 
the  only  sign  of  the  disease.  The  testicle  becomes  swollen,  tender  and 
hot;  hydrocele  often  develops.  The  right  testicle  is  twice  as  often  affected 
as  the  left.  The  inflammation  usually  subsides  in  from  3  to  7  days. 
Orchitis  is  rare  in  children.  In  about  half  the  cases  of  orchitis,  atrophy 
of  the  testicle  follows,  but  sexual  power  remains ;  in  bilateral  orchitis  fol- 
lowed by  atrophy,  the  patient  is  sterile.     Epididymitis  rarely  occurs. 

Mumps  may  affect  the  submaxillary  or  the  sublingual  gland  alone. 
Hegler  has  described  an  epidemic  of  sublingual  mumps  (sialoadenitis 
9ublingualis  acuta  epidemica)   among  the  Sisters    of    the    Eppendorfer 
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Hospital  in  Hamburg.  Other  occasional  complications  include  (1)  pan- 
creatitis, (2)  meningitis  (always  benign),  (3)  mastitis,  (4)  otitis,  (5) 
endocarditis,  (6)  polyarthritis,  and  (7)  iritis. 

Diagnosis. — This  is  easy  when  an  epidemic  prevails.  Sporadic  cases 
must  be  distinguished  (1)  from  toxic  parotitis  (due  to  mercury,  lead,  or 
iodin)  ;  (2)  from  secondary  and  infectious  parotitis,  associated  with  in- 
fections elsewhere  in  the  body,  and  including  "post-operative  parotitis" ; 
(3)  from  ascending  parotitis  (due  to  oral  sepsis)  ;  (4)  from  lymphadenitis; 
(5)  from  osteomyelitis;  (6)  from  periostitis;  (7)  from  tonsillitis;  (8) 
from  parulis  (subperiosteal  abscess  of  jaw,  following  abscess  at  the  root 
of  a  tooth)  ;  (9)  from  syphilis  of  the  parotid  (gumma)  ;  and  (10)  from 
tumors  of  the  parotid. 
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Section  III 

SPECIAL  DIAGNOSIS   OF  DISEASES  DUE  TO  EXTERNAL 

PHYSICAL  CAUSES 

Among  the  diseases  to  be  considered  under  this  heading  are: 

(A)  Those  due  to  long  exposure  to  high  temperatures  (caloric  dis- 
eases). 

(B)  Those  due  to  exposure  to  cold. 

(C)  Those  due  to  electrical  injury. 

(D)  Those  due  to  injury  from  x-rays  and  radium. 

(E)  Those  due  to  alterations  in  atmospheric  pressure. 

(F)  Those  due  to  unaccustomed  movements,  or  to  alterations  of  the 
direction  of  movement,  of  the  body  (e.  g.,  sea-sickness,  car-sickness). 


A.    Diseases  Due  to  Heat 
(The  Caloric  Diseases) 

Occurrence. — Aside  from  the  local  effects  of  heat  (bums,  scalds), 
human  beings  may  show  disease  symptoms  following  the  long-continued 
effect  of  high  temperature.  It  has  been  customary  to  distinguish  three 
main  types  of  the  caloric  diseases:  (1)  sun-stroke,  or  insolation,  resulting 
from  exposure  of  the  head  to  the  sun's  rays ;  (2)  heat-stroke,  or  hyperther- 
mia, due  to  a  general  overheating  of  the  whole  body  by  conducted  heat; 
and  (3)  the  so-called  warmth-stroke,  or  ignisation,  the  hyperthermia  pro- 
duced by  artificial  sources  of  heat.  But  there  is  no  real  difference  be- 
tween sun-stroke  and  heat-stroke,  and  the  effect  of  radiated  heat  and  con- 
ducted heat  seem  to  be  the  same. 

Direct  exposure  to  the  sun's  rays  is,  however,  the  commonest  cause 
of  the  caloric  diseases.  It  has  been  shown  that  such  direct  exposure,  even 
when  the  temperature  of  the  air  is  relatively  low,  causes  a  much  quicker 
rise  of  body  temperature  than  hotter  air  without  direct  exposure  to  the  sun 
(Rubner).  Heat  production  through  work  (as  in  soldiers  on  the  march), 
and  hindrance  to  heat  dissipation  in  still  air  and  when  the  humidity 
is  high,  are  accessory,  but  not  essential  causes.  Cases  described  as  "heat- 
stroke without  exposure  to  the  sun"  are  often,  in  reality,  instances  of  myo- 
cardial insufficiency.     The  so-called  heat  prostration  occurring  in  closed 
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rooms  in  the  summer  are  usually  not  due  to  heat  ^lone,  but  depend  upon 
exhausted  states  of  the  nervous  system,  alcoholism,  or  other  causes. 

In  the  caloric  diseases  the  hyperthermia  may  be  very  marked ;  temper- 
atures of  115°-117°  F.  have  been  recorded  (Lambert).  The  temperature 
of  the  body  when  the  heat-stroke  suddenly  occurs,  is  usually  about  105°  F., 
and  it  goes  on  rising  afterward,  reaching  109°-111°  F.  Heat-stroke 
without  elevation  of  temperature  is  a  misnomer. 

Human  beings  can  gradually  accustom  themselves  to  high  tempera- 
tures that  would  be  dangerous  to  the  uninitiated;  this  is  well  illustrated 
by  residents  in  the  tropics,  and,  in  temperate  zones,  by  stokers.  Clothing 
is  important,  as  favoring  or  hindering  heat  dissipation.  Anything  which 
enfeebles  the  body  (alcoholism,  obesity,  chronic  disease  of  the  heart  or 
lungs)  favors  heat-stroke. 

In  how  far  diseases  of  the  nervous  system,  and  of  the  circulatory 
system,  may  depend  upon  the  chronic  effects  of  exposure  to  high  tempera- 
tures in  overheated  rooms,  or  upon  exposure  to  radiating  heat  from  ovens, 
or  furnaces,  among  stokers,  smelters,  cooks,  bakers,  etc.,  is  not  fully  known. 

Sjrmptonui. — Three  stages  are  distinguishable:  (1)  the  prodromal 
stage;  (2)  the  heat-stroke  proper;  and  (3)  the  stage  of  recovery. 

In  the  PRODROMAL  STAGE,  there  is  palpitation,  tachypnea,  sweating, 
and  rise  of  temperature  to  100.5°-101.5°  F.  The  temperature  stays  at 
this  level  for  a  time,  and  then,  as  a  rule,  suddenly  rises  further  to  around 
105°  F.  at  the  onset  of  the  stroke. 

Before  the  stroke  occurs,  various  symptoms  may  appear  (headache, 
vertigo,  weakness,  nausea  or  vomiting,  congestion  of  the  head,  sudden 
profuse  perspiration,  or  epigastric  pain).  Some  patients  complain  of  par- 
esthesias, dimness  of  vision,  noises  in  the  ears,  diflSculty  in  swallowing, 
or  of  scintillating  scotoma.  Sudden  cessation  of  perspiration  at  this  stage 
is  an  ominous  sign.  When  such  symptoms  appear,  the  heat-stroke  can 
usually  be  avoided  by  prompt  cessation  of  work,  or  by  protection  from 
the  sun. 

The  HEAT-STROKE  PROPER  usually  occurs  suddenly ;  the  patient  become 
mentally  disturbed,  fainting,  showing  delirium,  or  sinking  at  once  into 
deep  coma  with  loss  of  reflexes.  There  is  marked  tachypnea  and  tachy- 
cardia. Vomiting  and  diarrhea  are  common.  The  urine  is  scanty  or  sup- 
pressed. Twitching  of  the  muscles,  or  outspoken  convulsions,  may  appear. 
The  temperature  varies  now  between  105°  and  112°  F.,  occasionally  reach- 
ing 115°  or  117°  F.  If  convulsions  occur,  they  may  be  either  general 
or  Jacksonian  in  type. 

Some  patients,  instead  of  becoming  comatose,  exhibit  a  peculiar  delir- 
ium, characterized  by  convulsions,  hallucinations  and  illusions,  flight  of 
ideas,  and  pressure  of  activity,  symptoms  not  unlike  those  accompanying 
the  toxic  deliria  of  infectious  diseases.     Such    cases    often    terminate 
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fatally.  In  some  instances,  the  fatal  cases  show,  at  autopsy,  a  focal  non- 
purulent encephalitis  (Steinhausen),  the  encephalitic  lesions  correspond- 
iDg  to  monoplegias,  hemiplegias  or  aphasias  manifest  before  death. 

Sometimes  actual  twilight  states  follow  exposure  to  heat  Passing 
through  the  Red  Sea  on  returning  from  India,  in  1899,  I  saw  a  delirious 
stoker  rush  up  from  the  boiler-room  and  commit  suicide  by  jumping  into 
the  sea.  The  ship's  officers  told  me  that  this  was  not  a  rare  occurrence 
in  those  waters. 

In  the  STAGE  OF  kecoveby,  the  patients  remain  asleep  or  drowsy  for 
hours  or  days,  periods  of  semiconsciousness  alternating  with  paroxysmal 
states  of  unconsciousness.  The  patients  complain  of  dreadful  fatigue, 
dizziness,  frontal  headache,  thirst,  anorexia,  and  pains  in  the  muscles. 
For  some  time  after  the  attack,  pains  in  different  parts  of  the  body, 
dyspnea,  and  insomnia  may  persist  Clonic  spasms,  cramps  in  the  calves 
of  the  legs,  neuralgias,  and  paresthesias  are  common  sequelae.  The 
tachycardia  may  give  way  to  an  outspoken  bradycardia,  or  to  arhythmia. 
Anemia  or  hemoglobinuria  may  follow  the  stroke.  Vague  neurasthenic 
symptoms  may  last  a  long  time,  as  in  the  traumatic  neuroses. 

The  principal  symptoms  in  heat-stroke  seem  to  be  due  to  injury  to 
the  brain  from  overheating  (either  local  overheating  of  the  skull,  or  from 
effects  on  the  brain  from  the  overheated  blood). 

The  majority  of  cases  recover  after  a  few  days  or  weeks,  though,  in 
the  severer  cases,  death  may  occur,  or  the  recovery  be  incomplete,  owing 
to  actual  encephalitic  changes. 

Edsall's  Disease. — ^A  peculiar  form  of  muscular  cramp  due  to  exposure 
to  heat,  has  been  especially  studied  in  this  country  by  D.  L.  Edsall. 

Diagnosis. — The  history  of  exposure  to  heat  usually  makes  the  dia^ 
nosis  easy.  Other  causes  of  coma  (alcoholism,  hysteria,  epilepsy,  apoplexy, 
cerebral  malariay  uremia,  etc.)  must  be  considered,  in  the  differential 
diagnosis.  . 
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B.    Diseases  Due  to  Exposure  to  Gold 

The  body  may  suffer  from  long  exposure  to  cold  air,  to  cold  water, 
or  to  snow. 

If  the  air  be  dry,  and  there  be  no  wind,  temperatures  of  minus  115° 
F.  (  —  45°  C.)  can  be  borne,  without  harm,  during  active  exercise.  On  the 
other  hand,  a  much  higher  temperature  may  be  so  cold  as  to  be  unbear- 
able, if  it  be  accompanied  by  wind  and  wet.  The  danger  is  greater  at 
high  altitudes;  mountain  climbers  often  perish  in  snowstorms.  Among 
predisposing  factors  may  be  mentioned,  (1)  emaciation,  (2)  anemia,  (3) 
childhood,  or  senility,  (4)  non-acclimatization,  (5)  alcoholism,  and  (6) 
insufficient  clothing. 

As  the  body  temperature  falls,  the  vital  functions  become  paralyzed. 
Animal  experiments  and  human  observations  indicate  that,  when  the  body 
temperature  falls  below  75.2°  F.  (24°  C),  recovery  is  impossible. 

1.  Local  Effects  of  Gold 

Among  the  local  effects  of  cold  may  be  mentioned:  (1)  the  anemia 
and  asphyxiation  seen  in  Raynaud's  disease  (dead  fingers)  ;  (2)  the 
itching  erythema  known  as  chilblains  (pemiones),  so  common  in  children 
and  in  anemic  adults,  and  affecting  especially  the  acra  (fingers,  toes, 
ears,  nose)  ;  and  (3)  the  local  gangrene  due  to  frost-bite,  in  which  the 
parts  have  been  actually  frozen. 

2.  Death  from  Freezing 

When  a  patient  "freezes  to  death,"  the  nervous  system,  the  circulatory 
system  and  the  respiratory  system  are  the  site  of  the  symptoms.  The 
excitability  of  the  nervous  system  gradually  decreases,  the  individual  be- 
comes benumbed,  his  capacity  for  muscular  contraction  grows  less,  and 
he  is  overcome  by  a  drowsiness  which  he  cannot  resist.     The  sight  grows 
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dim,  apathy  steals  over  him,  he  staggers,  and,  if  left  to  himself,  falls 
into  his  last  sleep.  An  initial  tachypnea  gives  way  later  to  slowed  respi- 
ration, just  as  the  initial  tachycardia  is  followed,  later  on,  by  a  slow  and 
feeble  pulse.  If  the  person  be  discovered  before  the  respiration  and  the 
pulse  cease,  recovery  may  still  be  possible,  even  though  the  body  be  rigid 
from  the  cold,  provided  care  be  taken  to  re-warm  the  body  very  gradually. 
Unfortunately,  death  sometimes  occurs  quite  suddenly,  even  after  recov- 
ery of  consciousness  and  return  to  normal  temperatura 

3.    Gold  as  a  Predisposing  Factor 

That  sudden  exposure  to  cold  in  people  not  hardened  to  it  predisposes 
to  certain  diseases  (pneumonia,  influenza,  rheumatism)  is  generally 
recognized.  This  predisposing  influence  seems  to  be  associated  with  the 
effects  of  the  cold  upon  the  vasomotor  nervous  system.  Much  can  be 
done  to  harden  sensitive  persons  by  systematic  vasomotor  training  through 
hydrotherapy. 


G.    Diseases  Due  to  Electrical  Injuries 

Formerly,  injuries  due  to  lightning  were  the  only  ones  to  be  considered 
under  this  heading.  With  the  great  industrial  and  technical  development 
through  electrical  energy,  a  large  number  of  cases  of  accidental  injury 
from  electrical  currents  have,  in  late  years,  been  observed. 

About  500  people  are  killed  every  year  by  lightning  in  the  United 
States,  and  the  number  of  electrical  injuries  associated  with  electric  light- 
ing, electric  railways,  dynamos,  etc.,  is  constantly  growing.  In  injury' 
from  lightning,  we  have  to  deal  with  electric  currents  of  very  high  tension 
and  of  high  periodic  number. 

In  order  that  the  body  may  be  injured  by  an  electric  current,  it  must* 
hecome  a  part  of  an  electric  circuit,  either  in  a  bipolar  way,  through  direct 
or  indirect  contact  with  two  conductors  of  different  potential,  or  in  a  uni- 
polar way,  in  that  the  body  conducts  directly  to  the  earth. 

The  tension  of  the  current  and  the  strength  of  the  current  are  impor- 
tant ;  the  higher  the  tension,  the  greater  the  danger  as  a  rule,  though  differ- 
ences in  resistance  modify  this  rule.  Thus,  one  man  may,  without  harm, 
let  a  current  of  a  tension  of  500  volts  pass  through  him,  while  another 
may  be  killed  immediately  by  a  current  of  only  65  volts  (Mohr),  owing  to 
differences  in  resistance  at  the  point  of  entrance  of  the  current.  The 
intensity  of  the  current  is  much  more  significant,  and  this,  in  turn,  is 
dependent  upon  the  resistance  of  the  body  at  the  site  of  entrance,  and  of 
exit,  of  the  current,  and  of  the  conductor. 

Electrical  injuries  occur  both  with  the  alternating  current  and  the' 
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direct  current  Currents  of  a  tension  below  40-60  volts  are  not  harmfuL 
In  high-tension  currents,  the  period-number  is  of  great  importance.  Cur- 
rents with  a  period-number  of  20  to  70  per  second  are  most  dangerous, 
and  these  include  most  industrial  currents.  Currents  of  up  to  1,000  volts, 
when  of  high  frequency  (say  100,000  per  second),  are  devoid  of  danger 
and  are  used  for  therapeutic  purposes  (d'Arsonvalisation;  Tesla  current). 
If  the  tension  exceed  1,000  volts,  such  currents  may  become  dangerous, 
even  when  of  very  high  frequency,  as  in  lightning.  Long  contact  is  much 
more  fatal  than  brief  contact 

Certain  occupations  are  of  course  peculiarly  exposed  to  electrical  in- 
jury ;  thus  death  by  lightning  is  most  common  among  field-workers,  death 
from  currents  of  indiLstrial  electricity ,  among  electrical  engine-fitters  and 
other  electro-technical  workers.  Anyone  may,  in  a  town,  be  accidentally 
exposed  through  unipolar  contact  with  a  broken  live  wire. 

Very  serious  accidents  sometimes  occur  in  private  houses  through  con- 
tact with  metals  near  electric  light  wires. 

Recently  I  was  called  to  see  a  young  lady,  who  a  few  moments  before 
had,  on  answering  a  telephone,  been  thrown  violently  to  the  floor,  her 
muscles  becoming  rigid  so  that  she  could  not  let  go  of  the  telephone  until 
her  father  tore  away  the  connection.  The  accident  was  due  to  contact 
with  an  electric  lamp  wire  niear  by  with  defectively  insulated  wiring. 
Not  long  ago  a  young  man  from  Norfolk  consulted  me  with  symptoms 
of  traumatic  neurosis,  following  an  electrical  bum  of  the  hand.  He  had 
simply  turned  on  the  electric  light  by  a  button ;  he  could  not  let  go  of  this 
button,  and  the  finger  and  thumb  were  burned  to  the  bone ! 

Lightning  is  more  apt  to  strike  high  buildings,  or  buildings  up  on  bills, 
than  others.  Certain  trees  are  more  frequently  struck  than  others;  thus 
oaks  are  more  often  struck  than  beeches. 

Local  Effects. — The  effects  of  electrical  injury  may  be  local,  or  general. 
The  local  effects  consist  of  burns  of  variable  degree  at  the  site  of  entrance, 
or  of  exit,  of  the  current.  Sometimes  the  tissues  are  injured,  though  the 
clothing  remains  intact 

Cteneral  Symptoms. — Of  the  general  symptoms,  those  connected  with 
the  central  nervous  system  and  the  sense  organs  are  the  more  important.  In 
severe  electrical  injury,  the  patient  cries  out  and  falls  unconscious.  After 
a  shorter  or  longer  time,  if  death  does  not  occur  immediately,  conscious- 
ness returns,  though  the  person  may  behave  as  though  drunk  or  delirious. 
Betrograde  amnesia  is  common.  Paralyses,  or  convulsive  seizures,  may 
follow,  as  well  as  various  disturbances  of  sensibility.  Vasomotor  disturb- 
ances may  persist  for  a  long  time  after  the  injury. 

Bespiration  is  often  arrested  at  first;  later,  it  may  be  accelerated. 
Involuntary  passage  of  urine,  feces,  or  sperm  may  occur. 

Sequelae. — ^As  sequelae,  an  outspoken  traumatic  neurosis  (q.  v.)  may 
develop.    In  some  cases,  symptoms  pointing  to  multiple  focal  lesions  of 
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the  central  nervous  system,  similar  to  those  of  multiple  sderosis,  have 
been  observed. 

Functional  nervous  disturbances,  following  a  fright  during  an  elec- 
trical storm,  are  very  common  among  telephone  girls  in  central  exchanges. 
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D.   Diseases  Due  to  Injuries  from  Rontgen 

Rays  and  from  Radium 

Since  rontgenologists  have  learned  to  protect  themselves  and  their 
patients  from  the  injurious  effects  of  the  x-ray,  bums  and  injuries  due 
to  this  physical  agent  are  becoming  less  common.  The  gamma  rays,  pro- 
duced through  the  electromagnetic  impulse  waves  of  the  beta  rays  of 
radium,  correspond,  physically,  to  x-rays. 

Injuries  of  the  body  due  to  such  rays  depend  upon  the  direct  absorption 
of  the  rays  by  the  tissues.  A  certain  intensity  of  influence  and  a  certain 
length  of  exposure  are  prerequisites  to  injury.  The  soft  rays  are  capable 
of  injuring  the  skin ;  the  hard  rays,  through  their  greater  penetration, 
can  reach  and  injure  the  internal  organs.  Certain  states  of  the  tissues, 
or  of  the  cells,  predispose  them  to  radio-injury ;  thus  young  tissues — ^the 
lymphadenoid  and  hematopoietic  tissues,  and  neoplasms — are  especially 
radio-sensitive,  while  older  tissues — ^muscle  cells,  nerve  cells,  connective 
tissue  fibers,  etc. — are  more  radio-resistant.  Cells  undergoing  karyokinesis 
are  particularly  sensitive.  Histological  studies  of  tissues  that  have 
undergone  radio-injury  reveal  marked  changes  in  the  cell  nuclei  (loss  of 
capacity  to  take  on  the  stain,  karyolysis),  and,  later,  degenerative  changes 
in  the  cytoplasm.  Some  believe  that  the  rays  act  primarily  by  changing 
the  lecithin  of  the  cells,  and  that  the  other  changes  are  secondary  to  the 
lecithin  injury.  This  view  is  not  out  of  accord  with  the  fact  that  certain 
classes  of  cells  are  especially  radiosensitive. 
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L    Rpnt^^n-Injury  of  the  Skin 

Bums  of  all  degrees  may  follow  radio-injury.  It  is  customary  to 
divide  the  effects  into  four  degrees. 

Seaction  of  the  First  Degree. — ^At  this  stage^  the  signs  consist  of  tem- 
porary erythema,  followed  by  loss  of  hair,  desquamation,  and  slight  pig- 
mentation. In  some  cases,  erythema  does  not  appear,  though,  three  weeks 
after  exposure,  the  loss  of  hair  and  the  pigmentation  occur. 

Reaction  of  the  Second  Degree. — Outspoken  erythema  occurs  some 
twelve  days  after  exposure,  with  itching,  or  unpleasant,  burning  sensation, 
red,  or  reddish  blue,  discoloration,  and  loss  of  hair.  The  reaction  usually 
has  run  its  course  by  the  end  of  the  fifth  or  the  sixth  week,  though  perma- 
nent changes  may  follow  (atrophy  of  the  skin,  telangiectases,  scleroderma). 

Seaction  of  the  Third  Degree. — The  skin  undergoes  a  dark,  bluisB  red 
discoloration.  Small  papules  appear,  which  change  later  into  vesicles; 
the  latter  rupture,  and  a  full-blown  moist  dermatitis,  with  formation  of 
scabs  and  of  crusts,  develops.  The  lesions  are  accompanied  by  trouble- 
some itching,  and  by  severe  pain.  On  healing,  scars,  atrophic  areas  and 
telangiectases  remain. 

Reaction  of  the  Fourth  Degree. — Occasionally,  an  x-ray  ulcer  de- 
velops, as  a  result  of  deep  necrosis  of  the  skin.  Such  ulcers  present  a 
peculiar,  glistening,  yellow  appearance.  The  borders  of  the  ulcer  are  ir- 
regular. Such  ulcers  may  be  extremely  painful,  and  are  slow  to  heal ;  even 
when  healing  in  the  center,  the  ulceration  may  extend  by  radial  outgrowth 
at  the  periphery.  The  patient's  general  condition  may  suffer  materially 
(fever,  emaciation,  psychoses). 


2.    Gbronic  Dermatitis  Amon^  Ront^nolo^ists 

Specialists  in  x-ray  work,  who  are  exposed  over  and  over  again  through 
long  periods  tp  the  x-rays,  often  develop  a  chronic  dermatitis.  The  skin 
becomes  rough  and  dry,  and  cracks  easily.  Atrophic  patches  appear.  The 
finger-nails  become  irregular  and  thickened.  The  skin  about  the  mouth 
becomes  dry  and  wrinkled,  with  formation  of  rhagades.  Unfortunately,  in 
many  such  instances,  carcinoma  develops  later  on  in  the  altered  skin.  The 
tumors  may  be  multiple.  Sometimes  carcinoma  and  sarcoma  appear  in  the 
same  patient. 

Precautions  Against  Radio-Injury. — In  therapeutic  applications  of 
Eontgen  rays  and  of  radium,  the  skin  should  be  carefully  protected.  The 
x-rays  should  be  made  to  pass  through  an  aluminium  filter,  1  mm.  thick. 
The  dosage  should  be  always  accurately  measured.  (See  Methods  of 
Measurement  in  section  on  Rontgenology).     The  intervals  between  treat- 
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ments  must  be  cautiously  arranged.  Rontgenologists  now  wear  protective 
gloves  and  protective  aprons,  or  have  their  cabinets  so  arranged  that  they 
themselves  are  but  little  exposed  to  the  rays. 

3.    Ront^n-Injury  of  the  Sex  Glands 

If  the  testes  of  guinea-pigs  or  of  rabbits  be  sufficiently  exposed  to  the 
x-rays,  the  animals  become  sterile  from  azoospermia,  though  the  capacity 
for  the  sexual  act  is  otherwise  uninjured.  When  the  injury  is  not  too 
severe,  the  power  of  forming  spermatozoa  may  be  regained. 

In  human  beings,  sterility  may  also  result  from  exposure,  either  of  the 
testicles  or  of  the  ovaries,  to  the  x-rays.  Recently,  this  fact  has  been 
applied  therapeutically,  in  women  suffering  from  prolonged  and  severe 
climacteric  changes,  and  also  in  the  treatment  of  menorrhagia  due  to 
myoma  of  the  uterus  and  to  chronic  endometritis  (Kronig).  The  results 
are  sometimes  remarkable.  An  especial  apparatus  is  required,  with  filters 
permitting  of  penetration  by  deep  rays,  without  injury  during  long  ex- 
posures. Some  gynecologists  believe  that  operations  for  myoma  uteri 
will  no  longer  be  necessary,  thanks  to  this  discovery.  Great  caution  should 
be  used  in  employing  x-rays  for  diagnostic  or  therapeutic  purposes  during 
pregnancy  (danger  of  abortion,  or  of  injury  to  the  child).  Drs.  Kelly 
and  Bumam  tell  me  that  menorrhagia  and  metrorrhagia  will  often  yield 
to  a  few  local  treatments  with  radium. 


4.    Ront^n-Injury  of  Other  Organs 

For  therapeutic  purposes,  advantage  has  been  taken  of  the  injurious 
effects  of  x-rays  upon  young,  unripe  cells  in  the  various  forms  of  leukemia 
(bone-marrow,  spleen,  lymph  glands).  Care  is  to  be  exercised  in  begin- 
ning the  treatment,  lest  cell-destruction  occur  too  rapidly  and  severe  in- 
toxication develop  (fever,  acute  gout  from  nuclein  destruction,  with  setting 
free  of  purin  bodies;  disturbances  of  nutrition).  In  a  few  instances, 
death  has  followed  such  x-ray  treatment.  Anorexia,  albuminuria,  diar- 
rhea, pains  in  the  bones,  are  among  the  symptoms  that  sometimes 
follow  injudicious  x-ray  exposures. 

The  nervous  system  seems  to  be  peculiarly  resistant  to  x-ray  injury, 
though  patients  sometimes  complain  of  various  subjective  sensations  (head- 
ache, vertigo,  abdominal  pain,  nausea,  diarrhea)  after  exposure  to  x-rays. 
These  symptoms  rarely  occur  except  in  neurotic  individuals,  and  are 
probably  due  to  suggestive  influences.  It  is  asserted  that  x-ray  specialists 
are  especially  prone  to  cardiac,  vasomotor,  and  gastro-intestinal  neuroses, 
and  that  among  them  arteriosclerosis  occurs  earlier  than  in  other  indi- 
viduals. 
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The  thyroid  gland  appears  to  be  tolerably  susceptible  to  radio-injury. 
If  overexposed  to  the  x-rays,  even  when  normal,  symptoms  of  thyreoin- 
toxication  may  develop.  Cautious  exposure  of  the  thyroid  to  x-rays  is 
advocated,  by  some,  in  the  treatment  of  Graves's  disease.  Still  better 
results  follow  radiation  of  the  thymus  in  this  disorder. 

The  larger  glands  of  the  body  (liver,  kidney,  pancreas)  seem  to  be 
highly  radio-resistant. 

In  animals,  growth  may  be  arrested  by  exposure  to  radium  or  to  x-rays. 
Human  beings  seem  to  be  less  susceptible,  though  until  we  know  more 
about  the  subject,  it  would  be  wise  to  avoid  any  unnecessary  exposure 
of  young  children  to  either  x-rays  or  radium. 
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£•    Diseases  Due  to  Alterations  in 
Atmospheric  Pressure 

Knowledge  regarding  the  pathological  states  resulting  from  changes 
in  atmospheric  pressure  has  grown  largely  in  recent  years.  The  bodily 
functions  are  accustomed  to  an  atmospheric  pressure  that  varies  but 
little,  either  above  or  below  760  millimeters  of  mercury.  A  sudden  in- 
crease of  atmospheric  pressure  causes  unpleasant  sensations  in  the  ears, 
due  to  increase  in  the  difference  between  the  pressure  in  the  middle  ear 
and  in  the  external  auditory  canal.  Everyone  who  has  gone  through  the 
tunnel  leading  under  the  river  into  New  York,  by  fast  train,  is  familiar 
with  this  feeling. 

Sometimes  when  the  difference  in  pressure  is  great,  the  ear  drum 
ruptures;  this  has  occurred  in  persons  near  explosions.  In  the  terrible 
World  War  (1914),  going  on  as  I  write,  it  is  reported  that  many  soldiers 
are  found  dead  without  any  signs  of  trauma  on  their  bodies,  death  being 
due,  presumably,  to  air-pressure  changes  near  bursting  shells. 

Diminution  of  atmospheric  pressure  varies  in  its  effect  according  to 
whether  it  occurs  suddenly,  or  slowly.  On  sudden  diminution,  changes 
occur  in  the  ear  and  in  the  paranasal  sinuses.  A  good  deal  depends  upon 
w'hether,  before  the  diminution  in  the  pressure,  the  body  has  been  expoKsed 
to  a  higher  pressure  than  normal ;  thus,  when  the  animal  body  is  exposed 
to  a  pressure  of  two  atmospheres  or  more,  large  amounts  of  gas  become 
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dissolved  in  the  body  fluids.  If,  then,  the  pressure  be  suddenly  lowered, 
a  large  part  of  this  gas  goes  out  of  solution.  The  oxygen  and  the  carbon 
diozid  may  remain  chemically  bound,  but  the  nitrogen  appears  in  the  form 
of  bubbles  in  the  blood  and  lymph,  and  may  mechanically  injure  the 
tissues  (caisson  disease,  diver's  disease).  Similar  changes  occur  when  the 
body,  exposed  to  ordinary  atmospheric  pressure,  is  suddenly  placed  in  an 
environment  in  which  the  pressure  is  less  than  half  an  atmosphere  (balloon 
ascension,  aviation).  In  such  instances,  symptoms  of  oxygen-hunger  ap- 
pear, owing  to  insufficient  arterialization  of  the  blood  due  to  the  lessened 
pressure  of  oxygen.  Similar  oxygen-hunger  may  arise  when  the  atmos- 
pheric pressure  is  slowly  reduced,  as  in  mountain  climbing  and  in  resi- 
dence at  high  altitudes  (mountain  sickness),  though  in  many  instances 
compensatory  processes  rapidly  set  in  (polyglobulia),  which  make  the  con- 
ditions tolerable. 


L    Caisson  Disease 

When  the  pressure  has  been  very  high  in  a  caisson  and  is  then 
suddenly  lowered,  the  workmen  may  become  ill.  Two  forms,  one  milder, 
the  other  more  severe,  are  distinguished. 

In  the  milder  form  of  caisson  disease,  the  workmen,  after  a  few  min- 
utes or  a  few  hours,  complain  of  abdominal  pain  and  of  pains  in  the  joints 
of  the  extremities  ("bends").  The  arthralgia  is  most  pronounced  in  the 
knees,  though  the  dbows  and  hips  are  also  often  affected.  The  Valleix 
points  are  tender.    Epistaxis  is  common.    The  patients  may  be  nauseated. 

In  the  severer  form,  the  pains  in  the  extremities  become  so  severe  that 
the  limbs  are  immobile;  there  is  retention  of  urine  and  feces,  and  all 
the  signs  of  spastic  paraplegia  may  develop;  this  may  be  partial  and 
temporary,  or  more  complete.  In  the  latter  case,  death  may  follow  from 
bedsores,  or  from,  infection  of  the  urinary  passages.  Instead  of  spinal 
symptoms,  cerebral  or  cerebellar  phenomena  may  predominate  (vertigo, 
cerebellar  gait,  Meniere  attacks,  delirium,  and  other  psychic  disturbances, 
partial  blindness,  aphasia,  diplopia,  deafness,  partial  paralysis).  In  other 
instances,  the  symptoms  are  those  of  a  traumatic  neurosis  (q.  v.). 

Caisson  workers  should  be  protected  by  law  from  too  speedy  decom- 
pression. For  each  tenth  of  an  atmosphere  of  decompression,  at  least  one 
minute  of  time  should  be  allowed.  Where  the  pressure  is  very  high,  the 
decompression  should  take  place  even  more  slowly,  or  the  method  of  gradual 
decompression  suggested  by  Boykott,  Damant  and  Haldane  should  be  used. 

Now  that  the  cause  of  the  disease  is  known,  many  patients  in  whom 
symptoms  have  appeared  can  be  saved  by  placing  them,  immediately, 
under  high  pressure  again,  and  then  proceeding,  extremely  cautiously,  with 
the  decompression. 
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2.    Diver's  Disease 

The  conditions  are  similar  to  tliose  of  caisson  disease,  except  that  the 
pressure  is  lower,  and  the  time  of  exposure  to  high  pressure  shorter. 
Though  there  is  less  danger  here,  accidents  are  not  uncommon  because 
fewer  precautions  are  taken  than  among  caisson  workers.  Professional 
divers  in  the  navy,  in  pearl  fisheries,  and  in  sponge  fisheries,  are  subject 
to  this  disorder.  Much  can  be  done  to  prevent  the  disease  by  the  use 
of  diving  apparatus  that  prevents  too  rapid  decompression. 


3.    Air-Pressure  Diseases  Amon^  Balloonists 

and  Aviators 

When  balloonists  rise  above  an  altitude  of  4,000  to  5,000  meters, 
symptoms  of  air-hunger  appear;  at  an  altitude  of  8,000  meters,  death 
may  occur,  the  individual  going  gradually  to  sleep  (cerebral  paralysis). 
Life  can  be  maintained  at  altitudes  of  10,000  to  12,000  meters' by  breath- 
ing pure  oxygen,  but  even  with  this  preventive  attacks  of  syncope  occur. 

Even  at  relatively  low  altitudes,  tachycardia  and  tachypnea  appear; 
the  circulation  and  respiration  are  so  impeded  by  the  shoving  up  of  the 
diaphragm^  due  to  expansion  of  gas  in  the  stomach  and  intestines. 

Aviators  suffer  at  a  lower  level  than  balloonists,  owing  to  the  con- 
centrated attention  required  of  the  pilot  interfering  with  deep  respiration, 
and  to  the  increased  amount  of  oxygen  required  owing  to  his  muscular 
exertion  (von  Schrotter).  The  speed  of  ascent  is  an  important  factor, 
as  it  gives  but  little  time  for  readjustment  to  the  lessened  oxygen-pressure. 
On  landing  after  a  flight,  aviators  suffer  from  vasomotor  disturbances, 
with  marked  rise  of  blood  pressure;  they  complain  of  palpitation,  con- 
gestion of  the  head,  dizziness,  and  drowsiness.  The  aviator,  Chavez,  after 
flying  over  the  Alps,  died  of  myocardial  insufficiency  with  severe  delirium, 
two  days  later.  It  is  true  that,  at  the  end  of  his  flight,  he  fell  and  broke 
both  legs,  but  his  death  is  attributed  to  vasomotor  disturbances,  due  to 
the  diminution  of  atmospheric  pressure  during  his  flight,  rather  than 
to  the  fractures. 


4.    Mountain  Disease  (Acosta's  Disease) 

Travelers  at  very  high  altitudes  (Andes,  Himalayas)  may  begin  to 
suffer  from  excessive  fatigue  and  drowsiness.  There  is  retching,  vomiting 
and  vertigo.    In  addition  to  palpitation  and  shortness  of  breath,  there  may 
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be  hemorrhages  from  the  mucous  membranes  and  fever.  In  the  severe 
cases,  the  patients  pass  into  coma  and  die.  The  disease  was  first  described 
by  a  Jesuit  Father,  Acosta,  who  observed  it  during  his  travels  at  a  high 
altitude  in  Peru  (1590). 

Most  patients  recover,  even  at  the  high  altitude,  if  they  remain  quiet. 
The  symptoms  are  usually  over  in  a  week  or  two,  though  with  many  pfttients 
it  may  be  months  before  they  feel  well  again.  The  disease  most  often 
attacks  patients  with  weak  hearts,  and  those  who  are  under-nourished  or 
over-fatigued. 

Various  theories  have  been  advanced  to  account  for  the  disease.  The 
true  explanation  seems  to  lie  in  the  diminution  of  the  oxygen-tension  in 
the  pulmonary  alveoli,  and  the  resulting  incomplete  saturation  of  the 
hemoglobin  with  this  gas  (Paul  Bert).  Some  individuals  are  more  sus- 
ceptible than  others,  probably  owing  to  variations  in  the  regulatory  mech- 
anisms controlling  the  oxygen  supply  to  the  various  organs. 

The  true  mountain  disease  is,  of  course,  not  to  be  confused  with 
myocardial  insufficiency,  or  with  cerebral  apoplexy,  occurring  at  high 
altitudes. 

Physicians  should  always  be  careful,  in  giving  permission  to  patients 
to  visit  high  altitudes,  to  instruct  them  how  to  travel.  In  increasing 
the  altitude  as  much  as  1,000  meters,  a  day  or  two  should  be  spent  at  some 
half-way  place,  on  the  way  up,  if  there  be  any  doubt  as  to  the  strength 
of  the  heart.  If  any  symptoms,  either  of  circulatory  disease  or  of  true 
mountain  disease,  appear,  they  wi^l  usually  pass  off  if  the  patient  remain 
at  absolute  rest  in  bed  for  a  few  days  at  the  level  at  which  he  finds  him- 
self inconvenienced,  or  he  may  be  quickly  and  cautiously  transported 
to  a  lower  level.  It  is  surprising  to  what  altitudes  human  beings  can 
accustom  themselves,  if  they  go  about  it  cautiously. 
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F.  Diseases  Due  to  Unaccustomed  Move- 
ments, or  to  Alterations  of  the  Direction 
of  the  Movements  of  the  Body  (Sea-Sick- 
ness, Gar-Sickness,  Kinetoses) 

When  the  human  body  is  subjected  to  movements,  or  to  alterations  of 
the  direction  of  movements,  to  which  it  is  unaccustomed,  it  often  reacts 
with  a  peculiar  set  of  symptoms  of  a  functional  nervous  nature  (mental, 
gastric,  circulatory).  Among  the  conditions  that  give  rise  to  these 
unpleasant  sensations  may  be  mentioned  (1)  the  movements  of  boats, 
or  of  ships,  at  sea  (sea-sickness),  and  (2)  the  movement  of  trains  along 
sharp  curves  (car-sickness).  Slight  sensations,  allied  to  the  more  severe 
disturbances,  are  often  experienced  in  swings,  in  elevators,  on  merry- 
go-rounds,  or  during  earthquakes.  Undoubtedly,  psychic  influences  may 
play  a  part  in  the  production  of  the  symptoms,  but  in  the  majority  of  cases 
true  somatic  disturbances  are  concerned  also. 


Sea-Sickness 

Occurrence. — The  movements  of  the  ship  most  likely  to  cause  symp- 
toms are  (1)  "pitching"  and  (2)  "cork-screw-like  motion,"  while  "rolling^' 
is  less  likely  to  cause  them.  During  pitching,  it  is  the  moment  just  after 
the  ship  has  risen  and  begins  to  sink  again  that  is  associated  with  that 
unpleasant  feeling  in  the  epigastrium  which  immediately  nauseates  many 
people,  and  is  followed  by  vomiting  and  retching.  The  larger  the  ship, 
as  a  rule,  the  more  steady  it  is ;  the  nearer  the  center  of  the  ship,  the  less 
the  motion.  Individual  susceptibility  varies  greatly,  though  nearly  every- 
one will  be  attacked  when  the  movements  are  extreme.  Women  are  more 
susceptible  than  men.  Infants  and  very  young  children  rarely  suffer. 
Disturbances  of  digestion  and  alcoholic  excess  predispose. 

Symptoms. — The  mental  state  is  characteristic  (ill-humor,  apathy, 
depression,  disinclination  for  conversation).  Among  the  somatic  symp- 
toms, headache,  dizziness  and  nausea  appear  early.  The  patient  turns 
pale,  and  breaks  out  into  a  cold  sweat ;  the  eyes  become  fixed ;  and,  finally, 
vomiting  occurs,  sometimes  giving  relief  to  the  symptoms.  Some  patients 
are  not  relieved  by  vomiting,  but  are  nauseated  continuously,  and,  with 
every  movement  of  the  ship,  suffer  from  violent  retching;  this,  when  the 
stomach  is  empty,  is  often  harder  to  bear  than  vomiting.  Constipation 
and  leucorrhea  are  common.  The  skin  is  cold  and  clammy,  despite  the 
sweating. 
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People  rarely  die  of  sea-sickness,  though  many  long  to  die  of  it.  As 
the  sea  becomes  smoother,  the  symptoms  let  up ;  even  when  it  continues 
rough,  persons  usually  grow  accustomed  to  the  movement ;  they  "get  their 
sea-legs  on." 

Deaf-mutes,  made  so  from  labyrinthine  disease,  are  said  to  be  insus- 
ceptible to  sea-sickness.  The  essence  of  the  disease  appears  to  consist 
in  disturbances  of  equilibrium,  and  in  disorientation  in  space,  due  (1) 
to  rapid  changes  in  optic  impressions,  (2)  to  abnormal  stimulations  of  the 
vestibular  apparatus,  and  (3)  to  irritation  of  the  abdominal  sympathetic, 
following  the  movements  of  the  ship. 

Ocean  travel  is  less  to  be  feared  than  formerly  by  those  subject 
to  sea-sickness,  owing  to  the  many  mechanical  devices  which  now  limit 
motion,  and  to  the  increased  size  and  comfort  of  the  trans-oceanic  liners. 
Travelers  have  also  learned  the  importance  (1)  of  staying  on  deck,  in  the 
fresh  air,  (2)  of  the  assumption  of  the  recumbent  position,  on  deck,  in 
the  middle  of  the  ship,  and  (3)  of  the  wearing  of  an  abdominal  band. 
Courage,  a  certain  tension  of  the  will,  the  avoidance  of  all  excess  in  food 
and  drink,  and  guarding  against  constipation,  go  far  toward  preventing  the 
disorder. 
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Part  V. 

Diagnosis  of  Diseases  of  the 
Respiratory  Apparatus 

Section  I 

METHODS    OF   EXAMINATION 

The  methods  of  examination  of  the  organs  belonging  to  the  respiratory 
system  will  first  be  taken  up,  after  which  the  diagnosis  of  the  special  dis- 
eases of  this  system  will  follow. 

Under  the  respiratory  apparatus  we  include,  (1)  the  nasal  cavity  (cavum  tMsi), 
(2)  the  larynx,  (3)  the  trcichea  and  bronchi,  (4)  the  lung  (pulmo),  and  (5)  the 
pleural  cavity  (cavum  pleurae),  that  on  the  right  being  separated  from  that  on  the 
left  by  the  mediastinal  septum  (septum  mediastinale) . 

The  nasal  cavity  opens  in  front  through  the  nares,  or  anterior  apertures,  and 
behind  it  communicates  with  the  pharynx  through  the  choanae,  or  posterior  aper- 
tures. The  septum  nasi,  or  nasal  septum,  divides  the  cavity  into  two  halves.  Part 
of  this  septum  is  bony,  part  cartilaginous,  and  part  membranous.  The  wall  of  the 
nasal  cavity  is  lined  by  mucous  membrane  (memhrana  mucosa  nasi).  On  the  lat- 
eral wall  of  the  nasal  cavity  are  the  three  turbinated  bones,  or  conchae.  These 
include  the  superior,  the  middle,  and  the  inferior  nasal  conchae.  Below  each 
concha,  and  lateral  from  it,  is  a  meatus  (meatus  nasi  superior,  medius,  and  infe- 
rior) . 

Connected  with  the  nasal  cavity  are  certain  accessory  cavities  known  as  the 
paranasal  sinuses  (sinus  paranasales}.  Their  openings  into  the  nasal  cavity  are  de- 
scribed further  on.  These,  sinuses  include  the  maxillary  sinus,  or  antrum  of  High- 
more  (sinus  maxillaris  [Highmori']),  the  sphenoidal  sinus  (sinus  sphenoidalis) ,  and 
the  frontal  sinus  (sinus  frontalis)  on  each  side.  In  addition,  the  ethmoid  cells 
(cellulae  ethmoidales) ,  and  the  ethmoidal  bulla  (bulla  ethmoidalis)  belong  here. 

The  portion  of  the  nacal  cavity  connected  with  the  sense  of  smell  is  a  small  area 
on  the  upper  part  of  the  superior  concha  and  on  the  adjacent  septum  (regie 
olfactoria).    The  rest  of  the  mucous  membrane  is  thinner  (regio  respiratoria) . 

The  larynx  possesses  a  cartilaginous  framework,  including  the  thyroid  cartilage, 
the  cricoid  cartilage,  the  arytenoid  cartilage,  the  cartilage  of  the  epiglottis,  and  the 
minute  comiculate  cartilages  of  Santorini  and  the  cuneiform  cartilages  of  Wris- 
berg.  These  cartilages  are  held  together  by  means  of  ligaments  and  joints.  The 
intrinsic  muscles  of  the  larynx  include  the  M.  cricothyroideus,  the  M.  crico-ary- 
tenoideus  posterior,  the  M.  crico-arytenoideus  lateralis,  the  M.  thyro-arytenoideos, 
460 
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the  M.  epiglotticuSy  the  M.  arytenoideus  obliquus,  the  M.  vocaUs,  the  M.  ventricn* 
laris,  and  the  M.  arytenoideus  transversus. 

The  cavity  of  the  larynx  is  covered  by  mucous  membrane  {tunica  mucosa  laryn- 
gis).  The  ventricle  of  the  larynx  is  a  deep  groove,  bounded  by  two  folds: — (1)  the 
pUca  vocalis,  or  true  vocal  cord,  and  (2)  the  plica  ventricularis,  or  false  vocal  cord. 
Between  the  two  plicae  vocales  lies  the  slit  of  the  glottis  {rima  glottidis),  consisting 
of  a  longer  anterior  portion  {pars  intermembranacea) ,  and  a  shorter  posterior  por- 
tion {pars  intercartilaginea) . 

The  trachea  begins  opposite  the  seventh  cervical  vertebra  and  undergoes  bifur- 
cation opposite  the  fourth  or  fifth  thoracic  vertebral  body  into  the  two  bronchi. 
In  the  trachea  there  are  16-20  horseshoelike  strips  of  cartilage  {cartilagines 
traehecUes) . 

There  are  two  bronohi,  one  on  the  right  side  {bronchtis  dexter),  and  one  on  the 
left  side  {bronchus  sinister).  The  finer  subdivisions  of  the  bronchi  are  known  as 
bronchioles  {bronchioli) .  Each  bronchiole  opens  through  an  alveolar  duct  and 
atria  into  the  air  sacs,  and  the  whole  surface  of  each  of  these  sacs  is  studded  with 
minute  cavities  known  as  pulmonary  alveoli  {alveoli  pulmonis).  The  lobule  of  the 
lung  (lobulus  pulmonis)  is  made  up  of  one  alveolar  duct  with  all  the  sacs  and  alve- 
oli given  off  from  it. 

Each  lung  possesses  a  blunt  tip  {apex  pulmonis),  and  a  broad  base  {basis  pul- 
monis). Each  lung  presents  three  surfaces,  one  in  contact  with  the  diaphragm  below 
{fades  diaphragmatica) ,  one  in  contact  with  the  ribs  {fades  costalis),  and  one 
directed  toward  the  pericardium  and  the  mediastinum  {fades  mediast^naUs) .  The 
inferior  margin  of  the  lung  {mar go  inferior)  lies  at  the  junction  of  the  costal  sur- 
face with  the  diaphragmatic  surface,  while  the  anterior  margin  of  the  lung  {margo 
anterior)  lies  at  the  junction  of  the  costal  surface  with  the  mediastinal  surface. 
The  bronchi,  blood  vessels  and  nerves  enter  into  relation  with  the  limgs  at  a  fossa 
on  the  mediastinal  surface  known  as  the  hilus  pulmonis.  The  structures  here,  in- 
cluding the  pulmonary  lymph  glands,  are  known  as  the  root  of  the  lung  {radix 
pulmonis). 

The  upper  lobe  {lobtis  superior)  of  each  limg  is  separated  from  the  lower  lobe 
(lobtis  inferior)  by  a  deep  fissure  {indsura  interlobaris) .  On  the  right  side  a 
second  fissure  goes  off  from  the  main  incisure  in  a  horizontal  direction  at  the  level 
of  the  fourth  intercostal  space;  the  portion  of  limg  between  this  and  the  main 
incisure  is  known  as  the  middle  lobe  {lobus  medius). 

In  the  anterior  margin  of  the  left  lung  there  is  a  deep  notch  {indsura  cardiaca) 
opposite  the  heart.  The  narrow  portion  of  the  upper  lobe  that  projects  forward 
below  this  notch  is  called  the  lingula  pulmonis. 

Each  pleural  cavity  {cavum  pleurae)  is  a  slitlike  space  lined  by  a  smooth  serdus 
membrane  {pleura).  This  pleura  is  divisible  into  a  part  that  covers  the  lung 
(pleura  pulmonis)  and  a  part  that  lines  the  walls  of  the  thoracic  cavity  {pleura 
parietalis).  The  latter  is  divisible  into  (1)  the  costal  pleura  {pleura  costalis) , 
which  covers  the  inner  surface  of  the  ribs,  vertebrae,  sternum,  thoracic  muscles,  etc. ; 
(2)  the  diaphragmatic  pleura  {pleura  diaphragmatica) ,  which  covers  the  upper 
surface  of  the  diaphragm,  and  (3)  the  mediastinal  pleura  {pleura  mediastinalis) , 
which  covers  the  mediastinal  septum;  a  part  of  the  latter,  fused  with  the  pericar- 
dium, is  often  called  the  pericardiac  pleura  {pleura  pericardiaca) ,  whereas  the  rest 
of  it  is  known  as  the  mediastinal  layer  {lamina  mediastinalis) .  The  pleural  cavity 
ends,  above,  in  a  blind  saclike  prolongation  known  as  the  cupula  pleurae.  At  the 
lower  part  of  the  pleural  cavity  the  diaphragmatic  pleura  lies  in  contact  with  the 
costal  pleura,  thus  bounding  the  sinus  phrenicocostalis ;  on  inspiration,  the  lung 
passes  into  this  sinus  pleurae,  but  never  as  far  as  the  line  of  reflection. 

The  mediastiiial  septum  {septum  mediastinal)  is  divisible  into  a  smaller,  ante* 
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TiOT  portion  (tpatium  mediastitMle  anteriua),  and  a  larger,  posterior  portion 
(apatium  mediaaCinale  poaterius).  In  the  former  lie  the  internal  manunarj  arteries 
and  veins,  the  plirenic  nerves,  the  thymus,  and  certain  lymph  glands;  while  in  the 
latter  are  situated  the  thoracic  aorta,  the  intercostal  arteriea,  the  as^os  and  hemi- 
azygos veins,  the  thoracic  duct,  the  pneumogastric  and  the  splanchnic  nerves,  the 
esophagus,  and  certain  lymph  glands.  The  functions  of  this  mediastinal  septom 
and  its  weak  spots  are  described  further  on. 


A.    Examination  of  the  Nose  and  the 
Paranasal  Sinuses 

The  interior  of  the  nose  may  be  examined  from  the  front  (anterior 
rhinoscopy),  or  from  behind  through  the  choanae  (posterior  rhinoscopy), 

1.    Anterior  Rhiaoscopy 

The  nasal  orifice  is  held   as  wide  open  as  possible  by  means  of  a 
bivalve  nasal  Bpeculum,  care  being  taken  to  avoid  causing  pain.     It  is 
essential  to  have  a  satisfactory  illumination  of  the  parts  under  examina- 
tion.    The  examiner  wears  the  ordinary  reflecting  bead  mirror,  looking 
through  the  hole  in  its  middle.     A  good  lamp,  gas-flame,  or  electric  light 
serves  as  a  source  of  light  behind  and  at  one  side  of  the  patient,  on  a  level 
with  his  head;  the  light-rays  and  the  rays  of  the  image  should  go  nearly 
parallel  to  one  another.     In  the  physician's  office,  a  Coakley-McKenzie 
electric    light    stand    with     large 
McKenzie    condensor    is    conven- 
ient    Still  better  is  the  use  of 
an  electric  light  (dry-cell  battery) 
on   a   metal   head-band ;   then   no 
reflecting  mirror  is  required.   The 
patient  and  the  examiner  ait  op- 
posite each  other  on  chairs,   and 
BO  close  to  each  other  that  the  legs 
of   the   patient   are   between   the 
knees  of  the  observer.     The  mir- 
ror, or  the  head-light,  is  arranged 
I  80  as  to  give  the  best  illumination 
possible.     The  patient's  head  is 
held   and   directed  by  the  exam- 
vit.  J38.-Ei«.trtc  Light  on  M.tti  He.d-band,.    ^^^^'^  016  hand  while  he  manipu- 
(Attpr  II,  o.  Keih.)  liites  the  Tutsnl  speculum  with  the 

other.  The  blades  of  the  speculum 
are  inserted,  closed,  into  one  nostril,  and  then  opened  gently;  no  pain 
should  be  caused.     A  regular  routine  should  be  followed.     One  e 
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(1)  On  the  medial  side,  the  surface  of  the  nasal  septum,  noticing 
curves,  spurs,  crests,  or  deflections,  as 
well  as  ulcerations  or  perforations,  i| 
present. 

(2)  On  the  lateral  side,  separated 

from  the  septum  by  a  broader,  or  nar-       ^  i8a.-BiTaiTe  Na«ii  Speculum, 
rower,    interspace:     (a)    the    inferior  (After  h.  o.  Reik.) 

conchay  or  turbinated  bone,  the  ante- 
rior end  of  which  is  easily  visible;  (b)  the  anterior  extremity  of  the 
middle  concha,  or  turbinated  bone,  better  seen  when  the  patient's  head  is 
inclined  slightly  backward ;  (e)  the  middle  meatuSy  or  nasal  passage,  situ- 
ated between  these  two  conchae,  in  which  lie  the  important  openings  (1) 
into  the  sinv^  maxillaris  (antrum  of  Ilighmore)  and  (2)  into  the  sinus 
frontalis;  (d)  the  inferior  meatus,  below  the  inferior  conchae,  and  (e)  the 
narrow  slit  (rima  olfactoria)  lying  between  the  middle  concha  and  the 
septum. 

In  case  the  nostril  is  occluded,  or  is  very  narrow  from  swollen  conchae, 
the  examination  is  facilitated  if  the  swelling  is  reduced  by  the  application 
of  a  wad  of  cotton  soaked  in  cocain  solution  (4-10  per  cent)  to  which  a 
few  drops  of  1/10  of  1-per-cent  solution  of  adrenalin  chlorid  have  been 
added.  As  adrenalin  is  very  irritating  to  the  nasal  mucous  membrane,  it 
is  often  better  to  avoid  its  use,  and  to  depend  upon  cocain  or  menthol  as 
shrinking  agents. 

One  should  look  carefully  for  an  abnormal  outflow  of  secretion  below 
the  middle  concha  {hiatus  semilunaris)  ;  by  bending  the  patient's  head 
forward  and  toward  the  opposite  side,  the  outflow  will  be  favored  in 
some  instances,  interfered  with  in  others,  or  one  may  compress  the  bulb 
of  a  Pollitzer  air  bag,  introduce  the  nozzle  into  the  nostril,  and  by  suction 
try  to  make  pus  or  abnormal  secretion  exude  from  the  openings.  When 
secretion  is  present  on  first  inspection,  it  is  well  to  wipe  it  off  and  then  see 
if  more  appears. 

When  the  conchae  are  enlarged,  it  is  necessary  to  determine  whether 
the  swelling  is  due  simply  to  hyperemia,  or  to  so-called  '^hypertrophy'* ; 
hyperemic  swellings  disappear  under  cocain  and  adrenalin,  and  are  soft 
when  palpated  with  the  nasal  sound.  One  notes,  further,  the  presence  or 
absence  of  polypi  and  of  tumors,  the  character  of  the  mucous  membrane, 
and  the  size  of  the  nasal  cavity.  •  Foreign  bodies,  if  present,  will  be  visible. 
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Z.    Posterior  Rhinoscopy  and  Pharyn^oscopy 

Using  the  same  head  mirror,  or  an  electric  head-light,  one  places  a 
small,  plain,  long-handled  mirror,  previously  warmed  (tested  against  over- 
heating on  the  back  of  the  hand),  behind  the  soft  palate,  so  that  its  surface 
looks  forward  and  upward.  The  patient  is  told  to  breathe  through  his 
nose,  as  this  relaxes  the  soft  palate ;  meanwhile,  the  tongue  is  held  down  by 
a  spatula  or  a  depressor.  Care  should  be  taken  not  to  touch  either  the  soft 
palate  or  the  posterior  pharyngeal  wall  with  the  mirror,  otherwise  gagging 
occurs.  The  mirror  should  be  almost  at  right  angles  to  the  handle,  the 
latter  being  held  towards  the  angle  of  the  mouth,  to  get  it  out  of  the  line 
of  vision.  If  desired,  a  mirror,  the  inclination  of  which  may  be  altered 
by  pressure  on  the  handle,  may  be  used.  If  necessary,  the  soft  palate  and 
the  wall  of  the  pharynx  may  be  cocainized,  or  the  uvula  and  soft  palate 
may  be  drawn  forward  with  a  hooked  spatula.  Sometimes  a  better  view  is 
obtained  if  the  patient  be  asked  to  say  **hah,"  in  a  nasal  tone.  Here  again, 
the  examination  of  the  parts  should  be  systematic,  while  the  rhinoscopic 
mirror  is  tilted  into  different  positions,  as  follows: 

(1)  The  choanae,  or  posterior  orifices  of  the  nasal  cavities,  separated 
from  one  another  by  the  light-colored,  perpendicular,  posterior  border  of 
the  septum  (vomer). 

(2)  The  posterior  ends  of  the  inferior  conchae  or  turbinated  bones, 
projecting  from  the  sides  into  the  choanae. 

(3)  Above  them,  less  distinctly  visible,  the  middle  conchaey  and  some- 
times the  superior  conchae. 

(4)  Turn  the  mirror  sidewise  so  as  to  examine  the  lateral  walls  of  the 
nasopharynx  and  look  for  a  reddish-yellow  bulging,  presenting  a  pale, 
funnel-shaped  indentation  at  its  middle;  this  is  the  orifice  of  the  eusta- 
chian tvhe  {tuba  auditiva).  Above  and  lateral  from  the  tube-projection 
is  a  dark  depression,  known  as  Rosenmiiller's  fossa.  The  structures  should 
be  examined  first  on  the  right  side,  and  then  on  the  left. 

(5)  If  the  surface  of  the  mirror  be  now  turned  still  further  upward, 
the  roof  of  the  pharynx  will  become  visible,  including  the  origin  of  the 
pharyngeal  tonsil.     Hypertrophy  of  this   (adenoid  vegetations)  will  be 
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visible  as  ridges  or  as  stalactite  growths.     In  children,  they  often  interfere 
seriously  with  nasal  breathing. 

(6)  Note  especially  the  presence  or  absence  of  pathological  secretion, 
of  ulcers,  of  hypertrophied  conchae,  and  of  tumors.  Sometimes,  a  tumor 
originating  i^  the  hypophysis  cerebri  (sella  turcica)  projects  into  the 
nasopharynx.  The  nasopharynx  can  be  still  more  easily  inspected  with 
the  aid  of  Hay's  electric  pharyngoscope*  (See  Examination  of  the 
Larynx), 

3.    Sinusoscopy 

In  rare  instances,  it  may  be  desirable  to  examine  the  maxillary  sinus 
(antrum  of  Highmore)  by  means  of  a  small  instrument,  a  sinusoscope,  built 
on  the  principle  of  the  cystoscope;  an  instrument  of  4  mm.  in  size  can  be 
introduced  into  the  antrum,  through  a  hole  bored  through  the  alveolus  of  a 
tooth.  The  same  instrument  can  be  used  for  examination  of  special  parts 
of  the  nasal  cavity  and  of  the  nasopharyngeal  space. 


4.    Palpation  of  the  Nose  and  Nasopharynx 

Through  the  nasal  speculum,  the  consistence  of  abnormal  structures 
can  be  felt  by  means  of  a  sound,  the  end  of  which  is  protected  by  a  little 
cotton  soaked  in  borax  solution ;  one  can  thus  easily  distinguish  between 
the  soft  nature  of  hyperemic  conchae  and  the  tough  hypertrophy  and  hyper- 
plastic coiiditions  of  these  structures.  There  is  often  tenderness  on  pres- 
sure in  the  fossa  canina  when  the  antrum  is  diseased,  and  at  the  root  of 
the  nose  and  the  adjoining  portions  of  the  frontal  bone  when  the  frontal 
sinus  is  affected.  Tenderness  over  the  frontal  sinus  in  sinusitis  can  most 
often  be  elicited  by  pressure  on  the  floor  of  the  sinus ;  we  ask  the  patient 
to  look  down,  so  as  to  get  the  upper  lid  out  of  the  way ;  the  finger  is  then 
pressed  upward  between  the  eyeball  and  the  orbital  roof  as  deeply  as  pos- 
sible, avoiding  pressure  on  the  N.  supra-orbitalis, 

Palpation  of  the  nasopharynx  is  especially  valuable  in  young  children, 
where  posterior  rhinoscopy  may  be  difficult  or  impossible.  Making  sure 
that  the  nail  on  the  fore-finger  of  the  right  hand  is  cut  short,  one  disinfects 
the  finger  carefully,  or  covers  it  with  a  sterile  finger-cot,  and,  placing  the 
child  on  a  stool,  holds  its  head  firmly  with  the  left  hand ;  the  examining 
fiijger  is  then  introduced  between  the  soft  palate  and  the  posterior  wall  of 
the  pharynx  and  passed  upward  into  the  nasopharynx.  It  is  easy  to  feel 
the  roof  of  the  pharynx,  and  the  tubal  projections;  and  one  can  determine 
at  once  -vyhether  or  not  the  pharyngeal  tonsil  is  hypertrophied,  or  whether 
all  is  smooth.  One  can  easily  avoid  being  bitten,  by  placing,  with  the 
examining  hand,  the  lower  lip  of  the  patient  over  the  lower  front  teeth. 
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3.    Transillumination  of  the  Paranasal  Sinuses 

This  is  especially  valuable  for  the  examination  (1)  of  the  sinus  maxil- 
laris,  or  antrum  of  Highmore,  and  (2)  of  the  frontal  sinuses.  The  method 
requires  a  small  electric  light,  on  a  suitable  holder,  and  the  examination 
must  be  made  in  a  dark  room^  or  imder  a  canopy  that  shuts  out  daylight. 

To  transilluminate  the  maxillary  sinuses,  the  electric  light  is  placed 
inside  the  patient's  mouth  and  the  patient  is  instructed  to  close  his  lips 
on  the  holder.  If  one  antrum  contain  pus,  or  if  its  mucous  membrane 
be  greatly  thickened,  more  light  will  be  absorbed  by  the  diseased  side 
than  by  the  healthy  side,  and  the  former  will  look  much  darker  than 
the  other. 

A  similar  method  may  be  employed  for  examining  the  frontal  sinuses. 
An  electric  lamp,  provided  with  a  lens  and  screened  by  a  rubber  cap,  is 
pressed  close  against  the  skin  at  the  medial  upper  margin  of  the  orbit.  If 
one  frontal  sinus  be  diseased,  the  illumination  will  be  less  widespread  on 
that  side  than  on  the  healthy  side. 
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6.    Rdnt^eno^raphy  of  the  Paranasal  Sinuses 

By  observation  of  a  careful  technic,  it  is  often  possible  to  recognize  the 
existence  of  disease  of  one  or  more  of  the  paranasal  sinuses  (maxillary, 
frontal,  ethmoidal,  sphenoidal)  by  the  appearance  of  dark  shadows^  in 
corresponding  situations,  in  the  x-ray  plate^  The  etiology  of  certain 
cephalalgias  and  trigeminal  neuralgias,  and  of  many  cases  of  metastatic 
infection  (arthritis,  nephritis)  is,  occasionally,  made  clear  by  the  dis- 
covery of  previously  unsuspected  sinus  disease. 

Rontgenography  of  the  Frontal  Sinuses. — The  patient  lies  on  his  face 
with  his  arms  and  hands  along  the  edge  of  the  table.  In  order  to  avoid 
the  strong  shadows  thrown  by  the  temporal  bone,  a  photograph  is  taken  by 
throwing  the  pyramid  of  Rontgen  rays  in  a  direction  from  above  the 
occipital  protuberance  behind,  toward  the  orbit  in  front.  The  sagittal 
middle  plane  of  the  head  should  be  perpendicular  to  the  photographic 
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plate;  this  is  difficult,  but  very  important,  in  order  to  avoid  deceptive 
shadows.  The  forehead  and 
nose  shonld  rest  upon  the  plate. 
Or,  the  photograph  may  be 
taken  in  the  sitting  posture,  if 
the  bead  be  firmly  held  in  posi- 
tion either  by  a  clamp,  or  by 
sandbags  in  a  box  atauding  oq 
a  table  in  front  of  the  sitting 
patient;  in  the  sitting  position, 
the  head  contains  less  blood  than 
in  the  recumbent  posture,  and  a 
dearer  negative  is  obtained. 


Fla.  134.— Indent  id  Poailion  for  RHotseDoiirBpliy 
o[  Uis  ParanBM]  Blnnses.  (Atl«r  C.  A. 
W»tera    and    C.    W.    WildroD.    Am.    J.    RHnt 

Rontgenography  of  the  Maxillary  81- 

niues. — The  negative  may  be  made  either 
in  the  recumbent  or  in  the  sitting  posture, 
as  above  described.  But  the  pyramid  of 
raya  is  now  directed  from  behind  so  that 
the  center  of  the  bundle  of  rays  passes 
through  the  middle  line,  where  it  cuts  a 
line  passing  through  the  middle  of  the  pos- 
terior margins  of  the  ascending  rami  of  the 
mandible;  passing  forward,  the  center  of 
the  bundle  of  rays  will  then  emerge  in  front 
at  the  middle  of  the  dorsum  nasi.  Since 
disease  of  the  antra  sometimes  depends  on 
lesions  at  the  roots  of  the  teeth,  special  ront- 
genograms  of  these  may  also  be  desirable. 
_  (See  Digestive  System.  1 

Prefcrtion  of  jultb  npcn  the  KoMgenogTapliy  of  the  Ethmoidal  and 
piotogrtphie  Plate  tn  the  An-  Sphenoidal  BinoHes.— By  especially  care- 
liiopoaltlnD   PlkDe  During  RBnt    ,   ,,  ,  '    i  . 

Rnojnpbj    of    the    ParaaaMi  luiJy  arranged  postures,  these  smuses  can 

^^  Jr"*^.^-  *■  ^'"'"  *'^  ^  photographed.  The  sphenoidal 
■nd    C.    W.     Wtldron.    Am.    J.      .  .     ^  ii    ■       i  .       .     "^        ,     , 

BSntjenoL)  3"»UB  snows  well  in   lateral  views  of  the 
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Vig.  186. — RSntg^DoSTUn  of  Normal  PartnaMl  Slnasea  In  the  Adult.  The  Frontal  ^inaaei  u* 
I^rge  ana  Sbov  Orbit*]  EiteDslons:  tbe  Anterior  and  PoBtarlor  Etbmoldal  Oils  an 
W«]]  IXMlurd:  tb«  Mailllaty  BlnuHes  are  Well  Developed:  tbere  1b  an  Air,  ^ell  in  tlie 
Ctlata  gain,    Se«  Fig.  137,     lAfler  C.  A.  Walters  and  C.  W.  Waldron.  Am.  il.iBeAlKenol.) 

skull,  Bucb  89  are  made  to  reveal  the  sella  turcica  (q.  v.).    Hera  th^  rays 
enter  in  the  region  of  the  external  auditory  canal. 

Waters  and  Waldron  (1915)  hawe  pnblished  an  important  paper  on  rontgendg- 
raphy  of  tbe  psranaaal  sinuaeB,  describing  a  new  technic  which  a^orda  greater  effi- 
ciency in  diagnosis.  The  occipitofrontal  position,  first  used  by  Caldwell  in  America, 
and  by  Killian  in  Germany,  has  been  slightly  modified  by  them  bo  that  a  single 
rontgenogram  reveals  clearly  the  frontal  and  maxillary  ainuaea  and  tbe  anterior 
and  posterior  ethmoid  cells  on  tbe  same  plate  without  obscuring  tbe  outlines  of  the 
antra  by  shadows  of  the  petrous  portions  of  the  temporal  bones.  Tbe  patient  lies 
on  a  horizontal  table  with  bis  face  downward  and  the  chin  resting  on  a  cametto, 
which  holds  the  plate  and  an  intensifying  screen.    Upon  the  occiput,  a  oompressioo 
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diaphragm  18  em.  deep  is  screwed  down  tightly,  a  felt  pad  2  cm.  in  thickness  being 
interposed.    Three  rales  are  emphasized,  (1)  the  chin  most  rest  upon  the  plate,  (2) 


V'^t'c^'.f^ 


.M-,v.. 


the  Icmg  axis  of  the  tube  must  be 
p&rallel  to  the  plate,  and  (3)  the 
no^  of  the  patient  should  be  from 
1  to  1.5  cm.  from  the  plate,  under 
no  condition  touching  it.  Two  dis- 
tinct types  of  face  (the  concave 
and  the  convex)  are  distinguished, 
requiring  a  variation  of  an  angle 
of  about  2^  in  the  vertical  axis  of 
the  skull.  With  a  concave  face,  the 
^mse  of  .the  base  of  the  skull  is 
high,  necessitating  an  increase  of 
i  an.  in  the  distance  of  the  nose 
from  the  plate.  The  authors  rec- 
ommend keeping  the  nose  of  the 
conclave  face  1.5  cm.  distant  from 
the  plate,  while  with  the  convex 
face  the  nose  is  placed  only  1 
cm.  distant,  with  the  long  axis 
of  the  tube  still  parallel  to  the 
plate.  A  moderate  milliamperage 
is  employed  as  well  as  a  soft 
tnbe  with  intensifying  screen,  since 
these  conditions  yield  the  great* 
est  amount  of  detail.  They  have 
employed     the    method    in    1,000 

eases  and  are  firmly  convinced  of  its  superiority  from  the   diagnostic  stand- 
point. 


«2)te»oromma."/7o  /(<y  ^  ^'9  <3. 


? 


1 


Pig.  137. — Diagrammatic  Key  to  Preceding  Fig- 
ure, Illustrating  a  RUntgenogram  of  Nor- 
mal Paranasal  Sinuses  In  Adult.  (After 
C.  A.  Waters  and  C.  W.  Waldron.  Am.  J. 
RUnigenoh) 
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7.    Sounding  the  Maxillary  Sinns 

The  passage  of  sounds  into  openings  of  the  several  paranasal  sinuses, 
and  the  exploratory  puncture  of  the  maxillary  sinus,  or  antrum,  from  the 
inferior  ineatus  nasi,  are  methods  sometimes  employed  for  diagnosis;  for 
a  description  of  these  special  text-books  and  monographs  may  be  consulted. 


470     DISEASES   OF   THE   EESPIRATORY  APPARATUS 

B.    Examination  of  the  Larynx^  Trachea 

and  Larger  Bronchi 

The  larynx  and  trachea  are  visible,  especially  in  thin  people,  in  the 
front  of  the  neck  {external  examination).  With  the  aid  of  specially 
devised  instruments,  it  is  possible  also  to  inspect  the  interior  of  the  larynx 
{laryngoscopy)  and  the  trachea  and  larger  bronchi  {Jbronchoscopy). 


1.    External  Examination  of  the  Larynx  and  Trachea 

(a)    Inspection  of  the  Larynx  and  Trachea  Externally 

The  larynx  lies  normally  between  the  upper  margin  of  the  third  and 
the  lower  margin  of  the  sixth  cervical  vertebra ;  during  respiration,  phona- 
tion  and  deglutition,  it  rises  to  higher,  and  descends  to  lower,  levels.  On 
external  examination,  one  pays  attention  to  the  size,  form,  and  position  of 
the  larynx  (and  trachea),  especially  to  lateral  displacements,  and  to  rota- 
tions of  the  larynx  as  a  whole.  Marked  swelling  may  be  visible  in  peri- 
chondrial  inflammations. 

The  respiratory  movements  of  the  larynx  are  diminished  in  stenosis  of 
the  trachea  or  of  the  large  bronchi,  the  head  tending  to  be  bent  forward, 
while  in  stenosis  in  the  larynx  itself,  the  head  is  inclined  backward  and 
the  respiratory  movements  of  the  larynx  are  markedly  increased.  In 
inflammatory  and  edematous  conditions  of  the  larynx  (diphtheria,  edema 
of  the  glottis,  tumors,  paralysis  of  the  openers  of  the  glottis,  spasm  of  the 
closers  of  the  glottis),  respiration  is  difficult,  the  breathing  being  slower 
than  normal,  inspiration,  especially,  being  long-drawn-out  and  accom- 
panied by  a  rough  noise  {stridor). 
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(6)    Palpation  of  the  Larynx  and  Trachea 

On  palpation,  the  consistence  of  swellings  of  the  thyroid  and  cricoid 
cartilages  may  be  examined,  and  tenderness  on  pressure  sought  for.  Espe- 
cially important,  here,  is  the  examination  for  the  presence  or  absence 
of  a  tracheal  tug  (Oliver-Cardarelli  sign).  In  aortic  aneurism,  pulsating 
shocks  are  transmitted  to  the  trachea ;  sometimes  these  are  visible,  but  they 
are  most  easily  recognized  by  placing  the  thumb  and  the  fore-finger 
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beneath  the  cricoid  cartilage  while  the  patient  inclines  his  head  somewhat 
backward,  in  order  to  make  the  structures  in  front  of  the  neck  a  little 
tense.  If  a  tracheal  tug  is  present,  the  fingers  will  detect  a  cardiosjstolic 
tug  upon  the  larynx. 

(e)    Percuuton  of  the  Larynx 

On  percussion,  the  larynx  yields  a  tympanitic  sound,  the  pitch  of  which 
is  higher  when  the  mouth  is  open,  lower  when  the  mouth  is  closed. 

(d)    AuBcultation  of  the  Larynx  and  Trachea 

On  auscultation  with  the  stethoscope  over  the  larynx  and  the  trachea, 
very  loud  tubular  breathing  is  normally  audible  (laryngeal  and  tracheal 
breathing). 

With  the  naked  ear,  one  should  pay  attention  to  the  sounds  produced 
by  the  larynx  on  phonation,  as  they  are  of  some  value  in  diagnosis. 
DiflBculty  in  speech,  due  to  disturbance  of  the  respiratory  passages,  is 
kQown  as  dysphonia;  inability  to  speak  above  a  whisper  as  aphonia,  or  loss 
of  voice. 

Dyiphonia  may  be  due  to  inability  to  expel  a  forcible  current  of  air 
through  the  larynx  (feeble  voice)  j  this  is  often  seen  in  diseases  of  the  air 
passages,  as  well  as  in  some  paralyses  of  the  vocal  cords.  When  high  and 
low  tones  cannot  be  produced,  the  voice  becomes  monotonous^  and  when 
abnormal  accessory  sounds  accompany  the  voice  it  becomes  hoarse. 

Aphonia,  or  loss  of  voice,  is  very  common  in  hysteria,  but  may  appear 
temporarily  in  inflammatory  conditions  of  the  larynx.  In  certain  laryn- 
geal diseases,  either  a  falsetto  (unnaturally  high  and  piping),  or  a  deep 
bass  voice,  may  appear.  The  peculiar  phenomenon  known  as  double  voice 
(diplophonia)  is  met  with  in  polyp  of  the  larynx ;  during  phonation,  the 
polypus  becomes  engaged  between  the  free  margins  of  the  vocal  cords,  and 
gives  rise  to  diflferent  vibrations  in  the  two  portions  of  the  cords.  A 
peculiar  nasal  twang  in  the  voice,  especially  in  pronouncing  m,  n  and  ng 
(ask  the  patieilt  to  say  "Good-morning"),  is  due  to  obstruction  in  the 
nose  or  nasopharynx  (hypertrophies,  tumors^  adenoids).  An  opposite 
Oondition  is  met  with  in  paralysis  of  the  velum  palatinum;  the  nasal 
cavities  cannot  be  closed  oflF  from  the  mouth  cavity  on  speaking,  and  one 
then  hears  the  so-called  "open  nasal  voice,"  the  nasal  twang  being  promi- 
nent and  causing  difficulty,  especially*  in  the  pronunciation  of  the  explosive 
letters,  b,  p,  k  and  t. 
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2.    Internal  Examination  of  the  Larynx  (Laryngoscopy) 

The  most  important  method  of  examining  the  larynx  is  by  inspection 
of  the  interior;  this  may  be  done  directly  (direct  laryngoscopy  or  aiUch 
scopy)y  or  indirectly  through  a  mirror  (ordinary  or  indirect  laryngoscopy). 
The  latter  method  is  by  far  the  more  important. 

(a)    Direct  Laryngoscopy 

This  may  be  carried  out,  either  (1)  by  the  autoscopy  of  Kirstein, 

better,  (2)  by  the  use  of  Hay's  electrical  pharyngoscope. 

»  ■  ■         * 

L    XvAoacofiiy  of  Kirstein 

The  patient,  seated  in  a  chair,  bends  his  head  well  backward,  so  as  to 
make  as  direct  a  line  as  possible  from  the  mouth-opening  to  the  larynx^ 
The  examiner  presses  the  base  of  the  tongue  forward  and  backward  with  a 
strong  spatula,  until  the  posterior  half  of  the  larynx  becomes  visible 
(electric  illumination  with  Kirstein's  lamp).  The  method  is  uncomfort- 
able for  the  patient,  but  often  affords  a  very  satisfactory  view,  especially 
of  the  back  of  the  larynx.  In  children,  it  is  sometimes  the  only  method 
of  getting  a  view  of  the  larynx.  The  procedure  is  occasionally  resorted  to 
when  operations  are  performed  upon  the  larynx  under  anesthesia. 


j^ 


Fig.    138.— Hay's    Pharyngoscope.      Easy   to    Uso,    and    Affords   a   Good   View,   lindcr  Bright 
lUumlnatloD,  of  the  Nasopharynx,  Tubiil  Orifices  and  the  Lafyhz.     (After  H.  O.  Reik.) 
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ii.    Direct  Uryntfosccvy  with  Bar's  fharyaiaacate 

Direct  inspectioD  of  the  interior  of  the  larynx  has  bcoii  made  compara- 
tively easy  by  the  invention  of  this  ingenious  instrument.  The  apparatus 
(Fig.  138)  is  a  moJitied  form  of  telescope.  The  tube  of  the  instrument 
depresses  the  tongue.  At  the  inner  end  of  the  tube  is  a  small  electric  lamp 
and  a  very  small  reflecting  mirror,  which  can  Ije  rotated  hy  moving  a  knob 
on  the  handle.  At  the  outer  end  of  the  tube  is  the  eye-piece  tlirough  which 
tiie  examiner  peers.  Bright  illumination  is  obtained  by  attaching  the 
instnunent  to  a  wall-socket  controller. 

Instead  of  Hay's  pharyngoscope,  the  instrument  of  Holmes  or  that 
of  Schmuckert   may   be 
used  if  preferred. 

Tedmic.  —  The  tube 
is  passed  over  the  tongue 
into  the  pharynx,  and 
the  patient  closes  his 
mouth.  By  turning  tlie 
mirror  in  different  direc- 
tions, one  can,  at  his 
leisure,  view  (1)  the  in- 
terior of  the  larynx,  (2) 
the  vault  of  the  pharynx, 
and  (3)  the  lateral  re- 
gions of  the  pharynx, 
including  the  orifices  of 
the  eustachian  tubes. 
After  a  little  practice, 
excellent  views  are  ob- 
tainable.    Along  with  a  _ 

Email    portable    dry    bat-  <ny  courtvsy  •>(  the  KnT-Scheerer  c 

tery,  this  instrument  can 
be  carried  in  the  consultation  bag,  and  used  in  house  visits  where  no 
other  electric  current  is  available. 
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(b)    Indirect  Laryngoscopy 

The  patient,  seated,  protrudes  his  tongue  and  holds  it  firmly  in  a 
towel,  or  a  small  napkin,  between  his  thumb  and  fore-finger,  opening  the 
mouth  as  wide  as  possible.  By  pulling  the  base  of  the  tongue  forward  in. 
this  way,  the  epiglottis  is  lifted.  The  head  is  held  upright  (inclined 
neither  backward  nor  forward) ,  and  the  examiner  sits  close  to  his  patient, 
the  legs  of  the  patient  between  the  knees  of  the  examiner.  By  means  of 
the  head  mirror,  or,  better,  a  head-light,  as  broad  a  light  as  possible  is 
thrown  into  the  throat.  The  round  laryngeal  mirror,  somewhat  larger  than 
that  used  in  posterior  rhinoscopy,  is  warmed  over  the  lamp,  so  that 
moisture  will  not  be  precipitated  upon  it,  tested  on  the  back  of  the  hand 
against  over-heating,  and  then  its  back  is  pressed  lightly  against  the  uvula 
so  as  to  hide  the  latter  entirely,  it  and  the  soft  palate  being  displaced  gently 
backward  and  upward  in  order  to  supply  the  necessary  space.  The  handle 
of  the  mirror,  held  in  the  examiner's  hand  like  a  pen,  should  be  kept  out 
of  the  way  by  displacing  it  sidewise  to  the  angle  of  the  mouth.  The 
position  of  the  mirror  can  be  suflSciently  varied  by  rotation  of  the  handle 
on  its  long  axis,  the  patient  being  asked  to  vocalize,  repeating  ah-ah,  in 
oi'der  that  the  movements  of  the  vocal  cords  may  be  studied. 

Some  patients  are  so  sensitive  that  the  gagging  reflex  interferes  with 
the  examination.  Skill,  a  little  patience  and  reassurance  will  often  over- 
come this,  but  it  may  sometimes  be  necessary  to  swab  the  base  of  the 
tongue,  the  uvula,  the  soft  palate  and  the  posterior  pharyngeal  wall  with  a 
5-per-cent  solution  of  cocain,  the  patient  being  warned  to  spit  out  any 
excess  of  the  solution  in  order  to  avoid  cocain  poisoning. 

When  satisfactory  views  of  the  larynx  begin  to  be  obtained,  the  exami- 
nation should  proceed  in  an  orderly  way. 

L    General  View,  and  View  of  the  Anterior  Parts  of  the  Larynx 

It  is  to  be  remembered  that  the  anterior  part  of  the  larynx  (t.  e.,  the 
epiglottis)  will  appear  above  in  the  mirror,  while  the  posterior  part  of  the 
larynx  (the  arytenoid  cartilages)  will  appear  at  the  lower  margin  of  the 
mirror.  The  right  side  of  the  larynx  will  appear  in  the  side  of  the  mirror 
turned  toward  the  patient's  right,  and  the  left  side  in  that  toward  his  left 

Usually,  one  sees  first  the  curved  margin  of  the  epiglottis,  which  at  the 
sides  goes  over  into  the  ary epiglottic  folds.  The  region  of  the  arytenoid 
cartilages  will  be  recognized  by  the  projecting  nodules  (cartilages  of 
Santorini)  beneath  the  mucous  membrane,  lateral  from  which  are  the 
nodules  formed  by  the  cartilages  of  Wrisberg.  On  good  illumination,  one 
can  next  make  out,  lower  down,  the  white  vocal  cords,  especially  their 
posterior  parts.  They  become  wider  apart  during  inspiration,  and  closer 
together  during  expiration.  To  get  the  overhanging  epiglottis  out  of  the 
way,  so  as  to  see  the  cords  in  their  whole  extent,  as  far  forward  as  Ao 
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Ulterior  commissure,  one  asks  the  patient  to  say  "Ah-h-h"  or  a  long-drawn- 
out,  high  pitched  "Hay."  During  phonation,  the  vocal  cords  come  close  to- 
g^er,  in  the  middle  line,  and  become  visible  throughont  their  whole 
length  and  surface.  In  this  position,  one  notes  the  general  appearance  of 
the  structures,  the  respiratory  mobility  of  the  vocal  cords  and  of  the  aryte- 
mnd  cartilages,  the  prompt  and  equal  approximation  of  the  cords  in  the 
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and  the  Olottli  Opes.     <Atter  P.  Kranae,  "Lehrb.  d.  kUs.  Diagnoatlk,"  pabllsbed  b;  O. 
PUcber,  Jena.) 

middle  line  on  vocalizing,  the  color  and  hlood  supply  of  the  vocal  cords  and 
of  other  visible  parts,  and  the  presence  or  absence  of  scara,  vXcera,  tumors, 
etc 

iL    View  of  the  PoBterior  WaB  ot  the  Lam 

In  order  to  examine  the  posterior  wall  of  the  larjTix,  and  the  trachea 
ts  far  as  its  bifurcation,  the  patient  sits  higher,  or  stands  up,  and  bends  his 
head  well  forward,  until  the  chin  touches  the  manubrium  sterni.  The 
examiner  sits,  or  kneels,  in  front  of  the  patient,  and  looks  almost  vertically 
upward  at  the  mirror  held  horizontally  in  the  patient's  throat.  The 
illumination  must  be  good.  One  sees  the  tracheal  rings  ( perspective! j 
ihortened),  and  sometimes,  in  the  depth,  a  whitish  sagittal  ridge,  the 
}nfurcation  spur,  and,  on  each  side,  the  opening  into  a  bronchus. 

On  examining  the  posterior  wall  of  the  larynx,  in  the  inieraryienoid 
region,  the  mirror  is  held  a  little  further  forward  in  the  throat  than 
ordinarily  (method  of  Killian). 

ffi.    Lateral  View  of  the  Interior  of  the  I^ru 

This  is  beat  obtained  by  the  method  of  Avellis.  Thus  if  one  wish  to 
examine  the  left  aide  of  the  larynx,  the  patient  bends  bis  head  to  the  right, 
and  the  back  of  the  mirror  is  placed  against  the  right  side  of  the  soft 
palate ;  one  can  get  a  good  view  of  the  edges  of  the  left  false  cord  and  the 
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left  vocal  lip,  and,  on  phonation,  can  sometimes  see  the  floor  of  the 
ventricle  of  Morgagni. 

For  the  pathological  findings  on  laryngoscopio  examination,  see  Special 
Diagnosis  of  Diseases  of  the  Larynx. 
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3.    Bronchoscopy 

The  technic  of  the  direct  examination  of  the  larger  bronchi  (bron- 
choscopy), as  worked  out  by  Killian  and  by  Chevalier  Jackson,  consists  in 
the  introduction  of  straight,  metal,  fenestrated  tubes,  through  the  mouth, 
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into  the  larynx,  and  through  it  into  the  trachea,  after  thorough  cocainiza- 
tion  of  the  parts;  in  children,  or  in  neurotic  persons,  general  anesthesia 
may  he  necessary.  The  tubes  have  a  diameter  of  7-10  mm.  for  adults,  or 
of  5-6  mm.  for  children.  The  outer  wall  of  the  tube  carries  a  centimeter 
scale.  The  tubes  for  adults  measure  30-45  cm.  in  length;  for  children, 
15-25  cm.     The  illumination  can  be  made  with  a  panelectroscope. 

Technic. — The  fasting  patient  sits  (or  lies)  with  his  head  thrown  far 
bacL  The  base  of  the  tongue  is  drawn  forward  and  downward,  and  the 
warmed  and  lubricated  tube  is  introduced  into  the  larynx.  During  an 
inspiration,  it  is  passed  gently  through  the  glottis.  It  is  then  passed  cau- 
tiously deeper  down,  the  head  of  the  patient  now  being  brought  a  little 
more  forward.  If  one  of  the  wider,  shorter  tubes  is  passed  in  first, 
narrower  and  longer  ones,  for  examination  of  the  deeper  parts,  can  be 
shoved  in  through  it.  With  some  practice,  it  is  possible  to  view  the  bifur- 
cation of  the  trachea,  the  entrance  into  the  two  chief  bronchi,  and,  also, 
by  passing  the  tube  into  the  right  or  left  bronchus,  the  subdivision  of  a 
main  bronchus  into  bronchi  of  the  second  order  may  be  brought  into  view. 
The  same  apparatus  can  be  used  for  esophagoscopy,  and  for  gastroscopy. 
Hooks,  forceps,  and  cutting  instruments  can  be  passed  through  the  tubes 
for  the  removal  of  foreign  bodies,  the  dilatation  of  a  stricture,  the  removal 
of  a  polyp,  the  excision  of  a  particle  of  tissue  for  diagnosis,  etc.  Only 
experts  can  be  expected  to  use  the  apparatus,  but  the  general  practitioner, 
knowing  of  the  method,  can  call  in  such  an  expert,  in  case  of  need. 
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G.    Examination  of  the  Lungs  and  the 
Pleurae 

In  studying,  clinically,  the  condition  of  tlie  lungs  and  of  the  pleurae,  \  : 
use  the  methods    of    inspection,    thoraeography,    spirometry,    palpation, 
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mensuration,  j)ercnS9ion,  auscultation,  x-ray  examination,  examination  of 
the  sputum,  and  exploratory  puncture. 
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A  practical  guide  for  the  use  0/  aludenft.    td  ed. 


L    Inspection  of  the  Thorax  in   Relation  to  Diseases 
of  tlie  Lun^  and  Pleurae 

(a)    Fornu  of  Thorax 

The  two  forme  of  thorax  of  especial  importance  in  this  connection  are ; 
(])  the  extreme  expiratory  type  of  thorax,  or  thorax  paralyticus;  and  (2) 
the  extreme  inspiratory,  or  emphysematous  type. 


or  media D  tine 
ng.  142. — Dlacrau   o(  Foiterlor  Sarrice  of  tbe   ChesI,   SbowlDX  Bonj   Landourks. 

i.    Thorax  paialyticiia  or  Flat  Qnat 

The  extreme  expiratory  type  of  thorax  is  easily  recognized  by  (a)  its 
flatness;  (h)  the  alwence  of  the  normal  projection  forward  of  the  aternnm 
lad  anterior  wall  of  the  chest ;  (e)  the  short  anteroposterior  diameter;  (d) 
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tiie  wide  intercostal  epacea;  (e)  the  low  position  of  the  arches  of  the  ribe, 
separated  from  the  creat  of  the  ilium  hy  only  one  or  two  fingers'  breadth 
(f)  the  prominent  clsTicles,  with  deep  atipra-  and  infraclavicular  fossae 
and  (g)  the  prominent  angles  oi 
the  ribs  behind,  with  lateral 
displacement  of  the  winglike 
scapulae.  In  some  instances 
there  is  a  deep  cuplike  or  fun- 
nel-shaped depression  known  as 
"funnel  cheat." 

This  form  of  bilateral  con- 
traction of  the  thorax,  usually 
present  from  birth,  or  acquired 
in  early  childhood,  strongly 
predisposes  its  owner  to  pul- 
monary tuberculosis. 

ii    Banetahagied  or  Bnphyaeina^ 
tons  Thorax 

The     extreme     inspiratory 
type  of  thorax  is  just  the  op- 
posite of  the  preceding,  being 
characterized  by    (a)   its  gen- 
eral fullness;    (b)   the  marked 
projection  forward  of  the  ster- 
num, and  of  the  anterior  parts 
of  the  chest;   (c)  the  long  an- 
teroposterior diameter;  (d)  the 
narrow  intercostal  spaces;  (e) 
the  high  position  of  the  arches 
of  the  ribs,  and  the  great  dis- 
tance between  the  rib-margins  and  the  iliac  cresta ;  (f  >  the  high  position 
of  the  clavicles  and  the  shortness  of  the  neck;  and  (g)  the  bulgings  in 
the  Bupra-  and  infraclavicular  fossae. 

This  type  of  thorax  appears  to  be  acquired  in  persons  that  hare 
for  one  reason  or  another  (bodily  over-exertion,  bronchitis,  etc.)  been 
compelled  to  inspire  excessively;  it  is  most  marked  in  pulmonary 
emphysema. 

Other  deviations  from  the  normal  In  addition  to  the  two  maia  types  above 
described  include:  (1)  tiie  alar  or  pterygoid  chest  (small  capacity ;  angles  of  scapn- 
lae  pr<)je<'ting  like  winird);  (2)  the  tramrenely  eonstrieted  ehe»t  (sulcus  at  level 
of  xiphoid  known  as  "Harrison's  groove") ;  (3)  the  pigeon  breast  or  pectus  eari- 
natum  (thorax  triangular  in  cross-section;  sternum  projects  forward;  true  ribs 
straightened  in  front  of  their  angles) ;  and  (4)  the  rickety  'cheat  (shallow  vertical 


Fig.  1«3. — Funnel  Cbest  In  a  Man  with  Eiplra- 
t0F7  T;p«  ol  Thorax — Tborai  paralylicus. 
(Med.  Service  J.  H.  B..  Pbotograpb  b;  Dr. 
John  Hewetion.) 
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groove  on  each  side,  nearly  parallel  with  the  sternum;  ''rickety  rosary''  at  junctions 
of  ribs  and  costal  cartilages). 

ilk    The  Normal  Thorax 

The  two  sides  are  symmetrical ;  the  respiratory  movements  are  equal 
and  contemporaneous  on  the  two  sides. 

(6)    Asymmetry  of  the  Thorax  in  Relation  to  Diseases  of  the 

Lungs  and  Pleurae 

While  the  normal  thorax  is  symmetrical  and  the  two  halves  participate 
equally  in  the  respiratory  movements,  an  asymmetrical  form  of  movement 
is  not  unconmaon  in  pulmonary  or  pleural  disease.  One  side  may  be 
either  pathologically  expanded  or  pathologically  contracted. 

L    Patholoitica]  EzRUiaioii  of  One  HaK  of  the  Thorax 

This  may  be  due  to  the  presence  of  air,  or  of  fluid,  in  one  pleural 
cavity  (pneumothorax,  pleuritic  effusions). 

A  similar  expansion  may,  in  rare  cases,  be  due  to  tumors  within  the 
thorax  or  in  the  upper  abdomen  (e.  g,,  in  the  liver).  In  pneumothorax, 
where  the  pleural  cavity  is  dilated  with  air  under  pressure,  there  is  an 
accompanying  obliteration  of  the  intercostal  spaces,  and  marked  displace- 
ment of  the  heart 

When  one  side  of  the  thorax  is  pathologically  expanded,  the  respira- 
tory excursions  on  that  side  are  diminished. 

iL    Unilateral  Contraction  of  tfie  Thorax 

This  is  more  common  than  one-sided  expansion,  and  is  most  often  due 
to  retraction  of  the  lung  (in  cirrhosis  pulmonum,  in  pulmonary  tubercu- 
losis, or  after  pneumonia),  or  to  pleural  disease  (incomplete  expansion  of 
lung  after  absorption  of  pleuritic  exudate,  pleural  adhesions). 

In  unilateral  contraction  of  the  thorax,  the  anterior  chest  wall  on  the 
contracted  side  looks  flattened,  and  its  movements  lag  behind  those  of  the 
other  side  on  inspiration ;  the  intercostal  spaces  are  deeper  than  normal. 

The  unilateral  contractions,  due  to  chronic  pulmonary  tuberculosis, 
most  often  affect  the  upper  parts  of  the  lung,  beginning  with  apical  retrac- 
tion ;  they  are  characterized  by  deepening  of  the  supra-  and  infraclavicular 
fossae,  by  flattening  of  the  upper  thorax  on  one  side,  and  by  an  increase  of 
tlie  area  of  the  heart  in  contact  with  the  chest  wall  with  more  diffuse  pulsa- 
tion and  with  an  apex  beat  displaced  upward  and  lateralward.  Retraction 
of  the  lower  part  of  the  thorax,  on  one  side,  with  corresponding  displace- 
ment of  the  apex  beat,  is  most  often  due  either  to  interstitial  pneumonia 
or  to  chronic  pleuritis. 
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2.    Inspection  of  the  Respiratory  Movements 

The  lungs,  during  respiration,  make  no  active  movements  of  their 
own,  but  simply  follow,  passively,  the  movements  of  the  wall  of  the  thorax 
and  of  the  diaphragm.  Two  main  types  of  inspiratory  expansion  of  the 
thorax  are  seen.  In  the  costo-abdominal  type,  the  expansion  is  due  chiefly 
to  the  descent  of  the  diaphragm,  and  less  to  the  elevation  of  the  ribs  by  the 
Mm.  scaleni.  Mm.  levatores  costarum  and  Mm.  intercostales  {masculine 
type  of  breathing).  In  the  costal  type,  the  opposite  is  the  case,  the  ex- 
pansion being  due  chiefly  to  elevation  of  the  ribs  (feminine  type  of  breath- 
ing.) 

The  diminution  in  size  of  the  thorax  during  expiration  depends 
normally  upon  the  elasticity  of  the  lungs  and  ribs,  not  upon  muscular 
contraction. 

The  times  occupied  by  inspiration  and  expiration,  respectively,  are 
approximately  equal,  and  there  is  no  pause  between  the  two. 
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(o)    The  Diaphragm  Phenomenon  {Litten^B  Sign) 

In  emaciated  adults,  the  respiratory  movements  of  the  lower  margin 
of  the  lung  can  sometimes  be  observed  as  a  furrow,  descending  during 
inspiration  over  the  intercostal  spaces,  especially  in  the  lower  right  thorax 
{Litten's  sign).  This  is  due  to  the  separation  of  the  diaphragm  from  the 
thoracic  wall  when  it  contracts ;  before  the  lung  can  follow  it,  the  atmos- 
pheric pressure  causes  a  depression  of  the  soft  parts.  In  children, 
Harrisons  groove  arises  from  the  same  cause,  and  corresponds  to  the 
middle  position  of  the  diaphragm. 

To  observe  Litten's  sign,  the  patient  is  best  examined  in  a  room  that 
receives  light  from  only  one  window,  the  other  windows  being  darkened. 
The  patient  lies  with  his  feet  toward  the  window,  the  examiner  standing 
three  or  four  steps  to  one  side,  at  an  angle  of  about  forty-five  degrees,  his 
back  toward  the  window;  the  lower  part  of  the  thorax,  between  the 
axillary  and  the  mammillary  lines,  is  then  closely  watched.  When  the 
movement  is  visible,  linear  shadows,  interrupted  by  the  ribs,  travel  down 
and  up  during  inspiration  and  expiration  respectively;  they  are  easily 
visible  at  the  level  of  the  sixth  or  of  the  seventh  rib.  These  shadows  travel 
over  two  or  three  intercostal  spaces. 

Litten's  sign  disappears  in  inflammatory  diseases  of  the  lung  and 
pleura,  to  reappear  in  convalescence ;  it  may  also  be  absent  when  the  descent 
of  the  lung  is  prevented  by  pleural  adhesions. 
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(b)    Frequency  and  Rhythm  of  the  Respirations 

The  number  of  breaths  taken  by  healthy  adults  varies  between  16  and 
20  per  minute ;  in  the  new-born,  it  averages  44  per  minute.  The  normal 
relation  between  respiration  rate  and  pulse  rate  is  as  1 :3i,  or  as  1 :4, 
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The  rate  in  disease  may  be  increased  or  decreased. 

Increase  of  the  frequency  of  respiration  (tachypnea)  is  met  with  (1)  in 
most  diseases  of  the  respiratory  system  (pneumonia,  pleurisy,  pulmonary 
tuberculosis,  emphysema,  pneumothorax)  ;  (2)  in  many  diseases  of  the 
heart;  and  (3)  in  those  diseases  of  the  abdomen  that  hinder  the  move- 
ments of  the  diaphragm  (ascites,  abdominal  tumors,  peritonitis).  In 
tachypnea,  the  number  of  respirations  may  reach  40,  60,  or  more,  per 
minute,  and  the  relation  between  respiration  rate  and  pulse  frequency 
changes  from  1  :  4  to  1  :  2.  In  certain  diseases  of  the  nervous  system 
(vagal  attacks,  hysteria),  excessive  tachypnea  (60  to  80  respirations  per 
minute)  may  occur  in  paroxysms. 

Slowing  of  the  respiration  (bradypnea)  may  be  met  with  (1)  in  affec- 
tions of  the  brain  or  of  its  membranes  (increased  intracranial  pressure); 
(2)  in  irritations  of  the  respiratory  center  in  the  medulla;  (3)  in  severe 
infections;  (4)  in  uremia;  and  (5)  in  the  death  agony.  A  special  form  of 
pathological  bradypnea  is  met  with  in  diabetic  coma,  where  the  respirations 
though  slow  are  loud  and  deep  (large  breathing,  or  air  hunger  of  Kuss- 
maul). 
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L    Gheyne-Stokes  Breathinii 

In  this  form  of  respiration,  periods  of  complete  cessation  of  the  re- 
spiratory movements  (dpnea)  alternate  with  periods  in  which  the  respira- 
tions slowly  increase  in  frequency  and  volume  to  a  maximum,  and  then 
again  decrease  until  they  cease.  During  the  apneic  phase,  the  patients 
are  sleepy,  and  the  pupils  are  contracted  and  non-reactive;  as  the  respir- 
atory movements  return,  the  psyche  awakens,  and  the  pupils  dilate  and 
again  become  responsive.  The  phenomenon  is  met  with,  most  often,  (1) 
in  cardiorenal  cases  (uremia,  decompensation)  ;  (2)  in  extensive  arterio- 
sclerosis, especially  when  the  cerebral  vessels  are  involved;  and  (3)  in 
severe  lesions  of  the  brain  (apoplexy,  embolism,  brain  tumor,  cerebral 
abscess). 

The  behavior  of  the  blood  pressure  in  Cheyne-Stokes  breathing  is 
interesting.     (See  Harvey  Cushing's  article.) 

A  slight  periodicity  to  the  breathing,  somewhat  resembling  Cheyne- 
Stokes  rhythm,  may  be  met  with  in  health  during  sleep ;  in  feeble  children 
and  in  old  age,  the  resemblance  may  be  very  close. 

In  meningitis  the  so-called  meningitic  breathing,  or  Biot's  breathing, 
is  sometimes  observ'able  and  is  of  grave  omen.     The  respiratory  pauses 
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are  very  long  (5-30  seconds  or  more),  in  periods  which  may  recur  more 
or  less  regularly  or  wholly  irregularly. 
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iL    Dy^nea 

Healthy  persons,  while  at  rest,  breathe  quietly  and  easily.  Any 
condition,  however,  that  increases  the  carbon  dioxid  content  of  the 
blood  leads  to  acceleration  and  deepening  of  the  respirations.  This  is 
seen  normally  on  exercise,  and  in  disease  either  of  the  lungs  or  of  the 
circulatory  apparatus  it  may  become  very  marked,  causing  shortness  of 
breath  (dyspnea).  According  to  the  phase  of  the  respiratory  process  in 
which  the  difficulty  of  breathing  appears,  we  distinguish  an  inspiratory 
type,  an  expiratory  type,  and  a  mixed  type  of  dyspnea. 

In  the  inspiratory  type,  the  ordinary  muscles  of  inspiration  (dia- 
phragm, external  intercostals,  scaleni)  undergo  exaggerated  contraction, 
and,  in  addition,  three  other  auxiliary  groups  of  inspiratory  muscles  are 
called  into  play :  (1)  those  expanding  the  thorax  by  lifting  the  ribs  (M.  ser- 
ratus  posterior  superior  and  M.  stemocleidomastoideus)  ;  (2)  those  reliev- 
ing the  thorax  of  the  weight  of  the  upper  extremities  (M.  trapezius,  M.  leva- 
tor anguli  scapulae,  M.  rhomboideus  major  and  minor)  ;  and  (3)  those  that 
belp  to  expand  the  thorax  when  the  shoulder  girdle  is  fixed  by  the  activity 
of  the  preceding  groups  (M.  serratus  anterior  major,  M.  pectoralis  major, 
M.  pectoralis  minor).  When  all  three  groups  are  active,  the  patient  sits 
^p  in  bed,  with  his  head,  arms  and  thorax  held  rigid,  panting  for  breath ; 
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the  condition  is  known  as  orthopnea.  In  marked  dyspnea,  the  extensors  of 
the  spine,  the  muscles  that  dilate  the  nostrils,  and  those  that  open  the 
mouth  and  larynx  are  also  active.  In  the  highest  grades  of  inspiratory 
dyspnea,  one  can  observe  an  inspiratory  retraction  over  the  xiphoid  carti- 
lage and  over  the  lower  ribs,  especially  when  the  dyspnea  is  due  (1)  to 
stenosis  of  the  larynx,  trachea  or  bronchi,  (2)  to  a  diffuse  capillary 
bronchitis,  or  (3)  to  an  extensive  pneumonia. 

In  the  expiratory  type  of  dyspnea,  it  is  the  contraction  of  the  thorax 
that  is  faulty,  and  the  duration  of  expiration  becomes  longer  than  that 
of  inspiration.  Instead  of  the  normal  contraction,  due  to  elasticity,  certain 
expiratory  muscles  become  active,  especially  the  abdominal  muscles  and 
the  M.  quadratus  lumborum.  Bronchospasm  is  often  an  important  fac- 
tor in  fhe  origin  of  an  expiratory  dyspnea. 

Expiratory  dyspnea  is  met  with  especially  in  pulmonary  emphysema, 
where  it  is  permanetit,  and  in  bronchial  asthma,  where  it  is  paroxysmal. 

The  term  asthma  is  used  to  designate  paroxysmal  dyspnea.  One  dis- 
tinguishes nervous  or  bronchial  asthma  (asthma  bronchiale)  from  the 
paroxysms  of  dyspnea  that  occur  in  cardiac  disease  (asthma  cardiale)^ 
usually  due  to  temporary  paralysis  of  the  left  heart,  and  those  in  renal 
disease  (asthma  uremicum),  which  are  toxic  in  origin,  not  to  be  confused 
with  the  cardiac  asthma  due  to  myocardial  insufficiency  that  may  ac- 
company the  nephropathy. 

Uixed  dyspnea,  in  which  both  inspiration  and  expiration  are  more  dif- 
ficult than  normal,  is  met  with  in  most  affections  of  the  lungs  and  pleurae 
that  diminish  the  respiratory  surface  or  limit  the  respiratory  movements. 
Mixed  dyspnea  is  also  met  with  in  circulatory  diseases.  Here,  the  di- 
minished velocity  of  the  blood  in  the  pulmonary  vessels  leads  to  disturb- 
ance of  gas  exchange;  and  this  is  further  complicated  by  the  structural 
and  functional  changes  in  the  alveolar  epithelium  in  chronic  passive  con- 
gestion. 

Recent  studies  on  dyspnea  show  a  close  relation  of  the  stimulation  of  the  respir- 
atory center  to  acidosis.  One  of  the  best  methods  of  determining  the  degree  of 
an  acidosis  is  to  measure  the  carbon  dioxid  tension  in  alveolar  air  (Porges,  Leim- 
dorfer  and  Markovci).  A  decreased  alkalinity  of  the  blood  such  as  is  met  with  in 
acidosis  is  accompanied  by  a  corresponding  decrease  of  the  carbon  dioxid  tension 
in  the  blood,  and  this  is  associated  with  a  decreased  carbon  dioxid  tension  in  the 
alveolar  air. 

The  alveolar  air  can  be  obtained  for  examination  by  the  method  of  Haldane  and 
Priestley,  or  by  the  simphfied  methods  of  Boothby  and  Peabody,  of  Pleach  and 
Higgins,  or  of  Roth,  the  air  collected  being  analyzed  in  the  laboratory  by  means 
of  Haldane's  small  type  of  air  analysis  apparatus. 

Less  exact  analyses,  but  probably  sufficient  for  clinical  purposes,  calf  be  made 
by  the  very  simple  method  described  by  PVidericia. 

Since  Hasselbach  showed  that  an  increase  in  the  irritability  of  the  respiratory 
centers  will  induce  a  lowering  of  the  carbon  dioxid  tension,  such  studies  have  be- 
come of  still  greater  clinical  interest. 
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3.    Determination  of  the  Volume  of  the  Inspired  and 

of  the  Expired  Air  (Spirometry) 

The  measurement  of  the  air  entering  and  leaving  the  lungs  in  each 
phase  of  respiration  can  be  made  by  means  of  a  spirometer. 

The  apparatus  originally  used  was  that  of  Hutchinson  (1846) ;  a  better  instru- 
ment i9  tb^t  Revised  b^  Tissot  (1904).     Mor^  recently ^  Ple^b'9  modificfitioo  pf 
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the  apparatus  of  Bohr  has  come  into  use.  For  the  determination  of  the  residual 
air,  either  pneumotometric  methods  (Hartesz,  Gad,  Pfliiger)  or  g^as-mizture  meth- 
ods (Davy,  Allen  and  Pepys,  Durig,  Plesch)  can  he  used.  As  these  methods  are 
applied  only  in  research  work,  it  does  not  seem  desirable  to  give  the  details  of 
the  teehnie  in  this  treatise. 

Certain  terms  in  connection  with  spirometry  should  be  understood*  By 
vital  capacity  is  meant  the  amount  of  air  that,  after  the  deepest  possible 
inspiration,  can  be  expelled  on  full  expiration;  it  averages  in  healthy 
men  3,600  c.c,  varying  from  3,000-4,000  c.c;  in  women  it  averages 
2,500  c.c,  varying  between  2,000-3,000  c.c.  The  value  depends  upon  the 
heiffht  of  the  body,  each  centimeter  of  height  in  the  adult  corresponding 
to  2^  c.c.  of  expiratory  air.  This  vital  capacity  is  smaller  in  childhood 
and  in  old  age,  as  weU  as  in  all  diseases  of  the  respiratory  system.  The 
stomach  should  be  empty  when  the  test  is  made. 

By  complementary  air  is  meant  the  amount  that,  after  a  quiet  in- 
spiration of  normal  depth,  can  be  taken  in  by  the  most  forcible  inspiration. 
It  amounts  to  about  1,500  c.c.  By  reserve  air  is  meant  the  amount 
that,  after  the  normal  quiet  expiration,  can  still  be  expelled  by  extremely 
forcible  expiration  (1,500  cc).  By  respiratory  breathing  air  iia  meant 
the  amount  that  is  taken  in,  and  given  out,  on  quiet  respiration  (500 
cc).  By  residual  air  is  meant  the  amount  that  remains  in  the  lung, 
after  the  deepest  possible  expiration  (800  to  1,600  cc). 

The  sum  of  the  complementary  air,  the  reserve  air  and  the  breathing 
air,  therefore,  corresjx)nds  to  the  vital  capacity y  which  is  measured  by 
the  spirometer ;  the  total  lung  capacity  is  this  sum  plus  the  residual  air ; 
the  mean  capacity  is  the  sum  of  the  residual  and  the  reserve  air.  The 
amount  of  air  taken  in  during  a  minute  on  quiet  respiration  varies  from 
5-7  liters. 

The  vital  capacity  of  the  lungs  enlarges  on  bodily  exercise  and  in 
pathological  states  accompanied  by  dyspnea ;  the  latter  is  a  compensatory 
process,  the  temporary  pulmonary  emphysema  (a  sort  of  physiological 
reflex  [Bohr])  favoring  an  easier  and  quicker  circulation  of  the  blood 
through  the  pulmonary  blood  vessels. 

It  looks  now  as  though  studies  of  vital  capacity  may  turn  out  to  be 
of  distinct  value  in  clinical  diagnosis  (F.  W.  Peabody). 
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4.    Thoraco^phy  or  Pneumography 

The  alterations  in  the  circumference  of  the  whole  tborax  or  of  one  half  of  it 
can  be  r^stered  in  the  form  of  respiratory  curves,  so  that  changes  in  the  fre- 
quency, rhythm,  extent  and  course  of  tlie  respiration  can  be  more  exactly  studied. 
A  very  good  inetrument  for  clinical  work  is  Oiat  of  Marey.  Various  modificfttiona 
(Brondgeest,  Ochnike,  Knoll)  are  in  use. 

Still  more  exact  instruments  are  used  in  research  work  (Stethometer  of  Qibson, 
Recording  Sfethometer  of  Bnrdon-Sanderson,  Thorakographs  of  Fick,  Levy-Dohm, 
and  P.  Bert).  Such  instruments  and  the  technic  of  using  them  are  described  in 
R  Schenck's  article  in  Tigerstedt'a  Hdb.  d.  pbysioL  Technik,  Leipog,  1911,  IL 

A  normal  pneumogram  is  ebown  in  Fig.  144.  Expiration  ie  perbape 
a  trifle  longer  than  inspiration  and  there  is  a  very  brief  pause  between. 


F1|L  144. — Normal  Pneumographle  Tracing  or  PneDmogram.  The  Carve  Sbowa  Tnuoilttrd 
ViBcnlar  Pulratloas.  IiuplratloD  0.8  Sec. ;  laaplratory  Panse  O.S  Sec ;  Expiration  Oi) 
Sec;  Kiplratorr  Paase  1.3  Sfc.     (Med.  Service,  J.  H.  H.) 

In  normal  breathing,  inspiration  proceeds  quickly  and  evenly  as  a  result  of 
contraction  of  tlie  muscles  of  inspiration.  The  ascending  limb  of  the  pneumographia 
curve  therefore  shows  an  even  inspiratory  course.  When  expiration  b^ns,  tba 
curve  descends  quickly  at  first,  but  a  little  more  slowly  toward  the  end  before  tlw 
expiratory  pause  is  reached.  The  form,  extent  and  frequency  of  the  respirations 
of  the  normal  man  while  awake  are  tolerably  constant,  but  in  pathological  statM 
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■n;  one  of  these  featime  may  be  altered.  Tbne,  ia  orthopnea,  the  conditions  are 
■Dch  that  the  inspiration  may  atill  be  easy,  though  expiration  is  difficult,  owing  to 
depiession  of  the  nonnal  elastic  forces  of  respiration.  On  sitting  up,  the  dia- 
phragm ifl  displaced  some  distance  caudalward;  this  separation  of  tbe  diaphragm 
from  the  center  of  the  thorax  causes  a  stronger  tension  of  the  lungs  and  thus 
bwihtatea  expiration.  Fnrthennore,  tbe  muscles  of  the  abdominal  wall  can  aid 
more  in  expiration  when  the  patient  is  sitting  up. 

The  general  disturbances  of  the  form  of  respiration  have  been  carefully  de- 
■eribed  by  L.  Kofbauer.  These  mny  involve  chaugea  in  inspiration,  in  expiration, 
(H  in  the  expiratory  pause. 

Itupiration  may  he  prolonged  in  diseases  of  tbe  air  passages  (tracheal  atenoaiB, 
croup,  edcana  glottidis,  whooping-cough,  bronchostenoBis) .     Prolongation  ia  also 


met  with  in  diseases  of  tbe  lungs  (croupous  pneumonia,  lung  abscess,  lung  gan- 
grene, pulmonary  tuberculosis),  in  the  cardiac  asthma  of  heart  disease,  in  uremia 
ind  in  diabetic  coma- 
Inspiration  may  be  shortened  in  the  air  hunger  of  uremia,  though  it  is  length- 
ened in  the  air  hunger  of  diabetic  coma. 

Flattening  of  inspiration  is  always  associated  with  prolongation  of  inspiration, 
ud  deepening  of  the  inspiration  is  met  with  in  all  cases  of  air  hunger  (both 
nrranie  and  diabetic). 

Expiration  ia  prolonged  in  tracheal  obstmction  from  foreign  bodies,  in  polypi 
beneath  the  glottis,  in  bronchial  asthma,  in  cardiac  asthma,  in  mediastinal  tumor, 
ia  pericarditis,  and  in  many  eases  of  chronic  circulatory  insufSciency.  The  same  is 
tne  in  plenritis  and  in  most  diseases  of  the  lung. 

Expiration  is  shortened  in  uremia  during  the  stage  of  air  hunger;  a  sliortening 
it  expiration  has  also  been  observed  in  cardiac  decompensation  and  in  the  asthma 
(^  Graves'  disease. 

The  so-called  "active  expiration"  due  to  muscular  contraction  (in  addition  to  the 
aonuol  expiration  due  to  elastic  forces)  is  accompanied  by  prolonged  expiration; 
it  is  met  with  in  bronchial  asthma,  in  pleurisy,  in  pneumonia,  in  pneumothorax, 
ud  in  tumors  of  the  mediastinum  and  of  tbe  pleura.    A  similar  active  expiration 
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baa  been  obeeired  in  cerebral  diseases  and  in  nephritis.  One  can  sometimes  recog- 
nize active  eipiration  in  the  pneumographie  curve  by  tbe  disappearance  of  the 
terminal  flattening  of  the  curve;  in  other  cases,  it  is  manifested  by  the  intercaJatioo 
of  a  steep  portion  in  tbe  espiratory  curve  (normally  parabolic). 

Tha  expiratory  pause  is  prolonged  in  the  air  hunger  of  nremia,  in  the  asthma 
of  Graves'  disease,  and  in  certain  focal  diseases  of  the  brain  (especdall;  in  tomor 
or  abscess  of  tbe  cerebellum,  and  in  cerebral  hemorrhage). 

Tbe  expiratory  pause  is  shortened  in  all  cases  of  tachypnea,  as  in  the  ordinary 
asthma  of  Graves'  disease  and  in  hysterical  tachypnea;  it  is  also  shortened  in  all 


Vig.  14T, — PnmmoErain  Id  Chroolc  Clrmlitory  iDBafflcleni^  (Cardiac  Artbina).  Inepln- 
tlou  0.8  S«c. :  lasplratory  I'auae  0.2  Sec. ;  Expiration  1.4  Sec. ;  Riplratory  Panu  l>-9 
Bee.      (Me<j.  Serrlce.  J.  U.  H.) 
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:  iDsplrEtorr  Panic 


cases  in  'which  the  iodividunl  respirations  are  prolonged  (pDeumonia,  plettrisy,  pneu- 
mothorax). 

For  full  descriptions  of  other  disturbances  of  the  pneomographie  curve  and  for 
the  changes  met  with  in  individual  diseases,  the  excellent  article  by  Hofbaner  may 
be  consulted 


Pic.  149. — Pneumogram  IllastratlDg  Paradoxical  BrealhlnB  In  a  Patient  BnlteriDc  from 
SeTere  Renal  Disease.  Compare  tbe  Abdamloal  with  the  Thoracic  Carve.  InKplratlon 
0.8  Bee. ;  Eiplratlon  0.6  Sec. :  Expiratory  I'auKe  0,8  Sec.  There  waa  "AettTe  Bxplra- 
tlon."     (Hod.  Service.  J.  II.  H.) 
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3.    Palpation  of  the  Thorax  Over  the  Lun^  and 

the  Pleurae 

A  most  important  part  of  the  palpation  of  the  thorax  is  the  testing  of 
the  vocal  fremitus,  the  tremor  of  the  voice  propagated  to  the  thoracic  wall 
through  the  hronchi  and  pulmonary  tissue.  The  test  is  made  by  placing 
the  two  hands  on  symmetrical  portions  of  the  thoracic  wall  and  asking  the 
patient  to  repeat  in  a  loud  deep  voice  ("1,  2,  3/'  "99").  In  health,  the 
vocal  fremitus  may  be  a  trifle  more  marked  on  the  right  than  on  the  left 
side,  owing  to  the  greater  diameter  of  the  right  bronchus.  It  is  feebler 
when  the' voice  is  weak  and  of  high  pitch  (especially  in  women).  If  a 
patient  be  asked  to  sing  the  scale,  the  fremitus  will  be  found  most  marked 
at  one  of  the  lower  notes,  a  level  corresponding  to  the  resonance  of  the 
lung.  In  women,  the  tone-level  of  the  voice  is  usually  higher  than  the 
resonance  of  the  lung,  so  that  the  latter  is  not  aroused  to  sympathetic 
vibration  (F.  Miiller). 

As  a  clinical  method,  palpation  of  the  vocal  fremitus  has  approxi- 
mately the  same  value  as  auscultation  of  the  respiratory  murmur ;  some- 
times it  is  a  more  delicate  test,  especially  in  deciding  whether  a  dullness 
over  the  lower  thorax  is  due  to  infiltration  of  the  lung  or  to  pleural 
effusion ;  an  increased  vocal  fremitus  indicates  better  conduction  from  the 
larynx  to  the  lung  surface  (infiltration),  while  an  enfeeblement  or  an 
abolition  of  the  fremitus  suggests  pleural  effusion  or  pneumothorax.  Cer- 
tain exceptions  to  this  rule  should,  however,  be  noted.  In  massive  pneu- 
monia, with  plugging  of  the  bronchus,  the  propagation  of  the  voice  may  bo 
temporarily  interfered  with ;  again,  in  pleural  effusion,  there  may  be  less 
diminution  of  the  vocal  fremitus  than  might  be  expected  because  pleural 
adhesions,  uniting  the  lung  to  the  wall  of  the  thorax,  may  favor  the 
conduction  of  the  voice-tremor,  or  an  atelectasis,  due  to  the  pressure  of  the 
exudate,  may  increase  the  vocal  fremitus  more  than  the  effusion  weakens 
it  (D.  Gerhardt). 
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6.    Mensuration  of  the  Thorax 

By  passing  a  tape  around  the  chest,  just  above  the  nipples,  the  arms 
being  held  out  from  the  sides,  we  measure  the  circumference  of  the  chest. 
On  physical  examinations  for  entrance  to  the  army,  navy,  etc.,  this  value 
is  used  as  a  measure  of  the  development  of  the  thorax,  and  serves  as  a  clew 
to  the  general  constitution  of  the  person.  In  healthy  young  men,  the 
circumference  should  exceed  80  cnu 

More  important  as  regards  the  state  of  the  lungs  themselves  is  the 
difference  in  circumference  on  deep  inspiration  and  on  deep  expiration. 
Normally,  this  difference  amounts  to  about  7  cm.  (extremes  5-7  cm.). 

The  sternovertebral  diameter,  measured  by  calipers  from  the  manu- 
brium to  the  back,  in  a  horizontal  plane,  amounts  to  16  cm. ;  from  the 
lower  end  of  the  corpus  stemi  to  the  back,  it  amounts  to  19  cm.  The 
transverse  diameter  (diameter  costalis),  at  the  level  of  the  nipples, 
measures  about  26  cm. 

The  comparison  of  the  circumference  of  each  of  the  two  halves  of  the 
chest  shows  normally  a  difference  of  |-2^  cm.,  in  favor  of  the  right  side. 
In  an  asymmetrical  thorax,  due  to  unilateral  expansion  or  retraction,  exact 
measurement  is  important  for  the  record,  though,  for  the  actual  recogni- 
tion of  the  asymmetry,  experience  teaches  that  slight  differences  in 
circumference  of  the  two  halves  of  the  chest  can  be  more  easily  recognized 
by  careful  judgment  with  the  eye  than  by  mensuration. 

Exact  records  of  the  form  of  the  thorax  can  be  made  with  a  cyr- 
iometer. 

7.    Percussion  Over  the  Lun^s  and  Pleurae 

Percussion. — By  percussion,  we  produce  sounds  that  permit  us  to 
draw  conclusions  r^arding  the  structure  of  the  organs  beneath  the  part 
percussed.  The  shock  given  by  the  percussion  stroke  gives  rise  to  sounds 
that  vary  with  the  elasticity  (capacity  for  vibration)  of  the  parts  struck; 
the  greater  the  elasticity,  the  more  marked  is  the  sound  production. 

Historical. — The  method  of  percussion  was  first  devised  by  L.  Au- 
enbrugger  (1761).  It  became  generally  known  and  applied  to  the  study  of 
the  heart  through  Corvisart  (1808).  It  reached  its  flower  when  it  was 
applied  in  a  most  thorough  way  to  the  diagnosis  of  diseases  of  the  lungs  by 
Laennec  (1810).  These  clinicians  all  used  dibect  percussion,  produc- 
ing sounds  by  simply  tapping  the  surface  of  the  thorax  with  the  finger  tips 
of  one  hand.  Indirect  percussion  was  devised  by  Piorry  (1826),  a 
flessimeter  being  intercalated  between  the  chest  wall  and  the  percussing 
fingers;  and,  later,  Wintrich  (1841)  substituted  a  percussion  hammer  for 
the  percussing  fingers. 
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Principles  of  FeronsBion. — Airless  bodies  enter  into  sound-producing 
vibration  only  when  they  are  rigid,  or  in  a  certain  state  of  tension.  In 
the  human  body,  bones  alone  correspond  to  such  a  state,  but  even  they  are 
Burrounded  by  soft  parts,  so  that  they  are  not  reached  by  the  percussion 


^-  Lung   Borders 

_~_  Pleural  Boundarlra;  iDclsurae  toterlobares 

.w._  Diapbragm 

imii..'^^  Stomacb 

FIK'  lliO. — Toposrapb;  of  tbc  Tboraplf  and  T'pit^r  Abdominal  Tlsc«ra  from  Id  Front,  a-b — 
Boundarj'  of  Rlgbt  Pleural  CBvlly  ;  c^l— Boundary  o(  I^ft  Plcnral  Carllr :  e-i— Bdg*  of 
Right  Lung:  »-b— l-^]ge  of  L^ft  Lung;  I— Upper  InclBura  lobnlarlg  (Rlgbt  Lung): 
Loner  iDClBura  lobalarlB  (RIgbl  LuogK  1 — l^eft  InclRUra  lobularlx  :  m-n — Bight;  n-o — 
Lower;  p-o — Left  Border  of  Heart;  q — Mi'dlastlnal  SInna  Situated  Between  the  Pleural 
BouDdarlcB  and  Ibe  InclHura  rardlara  ot  the  Anterior  VAgt  ot  the  I.eft  Lung:  r — Highest 
Point  of  the  Liver,  Overlapped  by  Lung;  a — l.owpr  ICdge  of  I.lvcr ;  t— Pars  eardlaca: 
n — Para  pjlorlca;  v — LeHeer  Curvature;  w — (Jrealer  Turvature  of  the  Btomacb. 

stroke,  or,  if  reached,  transfer  their  vibratiohs  to  adjacent  vibrating  (be- 
cause air-con  tain  in;;)  soft  parts,  and  so  are  less  responsible  than  the  latter 
for  any  sounds  produced. 

The  sounds  yielded  by  soft  parts  when  percussed  depend  upon  their 
air  (or  gas)  content  (Skoda).  If  the  air  or  gas  be  contained  in  large 
cavities,  it  is  set  into  vibration,  and  along  with  it  the  wall  of  the  cavity  is 
started  vibrating  to  a  greater  or  less  degree;  if  the  air  be  distributed  in 
the  form  of  small  alveoli  throughout  the  whole  tissue,  as  in  the  lungs,  the 
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air  and  the  tissue  vibrate  together  on  percuaaion.  ObviouBly,  then,  per- 
cnsaion  permits  us  (1)  to  find  the  limits  of  juxtaposed  airless  and  air- 
containing  Btruetnres,  and  (2)  to  form  judgments  regarding  (a)  the  air 
content,  and  (b)  the  degree  of  tension  of  air-containing  organs. 

Direct  Ferotusion. — This  is  but  little  used  nowadajs,  perhaps  leaa  than 
it  shonld  be.      It  is  valuable  for  quick  orientation  (1)   regarding  the 


Fig.  IBl. — Topogmplij  ot  the  Vtacera,  Viewed  (rom  Behlod. 

comparative  state  of  the  two  sides  of  the  lower  thorax  behind,  and  (2) 
regarding  the  position  of  large  areas  of  infiltration  (pneumonia,  tubercu- 
losis), or  of  large  pleural  effusions. 

One  arranges  the  finger  tips  of  the  right  hand  in  a  plane  and,  to  pro- 
duce the  sounds,  delivers  the  stroke  directly  upon  the  surface  of  the  thorax, 
without  any  intermediary  plessimeter. 

Indirect  PercniBion. — In  this  method,  the  blow,  instead  of  being 
struck  directly  upon  the  body  surface,  is  delivered  upon  some  intermediate 
body  placed  upon  the  part  under  study.  This  intermediate  body  is  calle<f 
a  FLESsiMETEB  Or  pleximetcr.  As  a  plessimeter,  we  may  use-  the  index,  or 
the  middle  finger,  called  a  "plessimeter-finger,"  or,  instead,  a  platelet 
made  of  rubber,  gutta-percha,  ivory,  glass  or  metal.  To  aeoertain  the 
condition  of  the  structures  behind  the  clavicle,  we  often  use  the  clavicle 
itself  as  a  plessimeter. 
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The  advantages  of  a  plemmeter  lie  in  the  facts  that  by  means  of  it 
(1)  the  pereusaion  stroke  can  be  made  to  reach  to  a  greater  depth  on  the  one 
band,  and  (2)  it  can  be  applied  to  a  smaller  surface  area  on  the  other. 
Lack  of  compressibility  and  the  greatest  possible  elasticity  are  desiderata 
in  a  plessimeter,  since,  when  an  elastic  plessimeter  is  struck,  the  hammer 
or  the  percussing  finger  rebounds  from  it  before  the  underlying  parts  are 
pressed  in,  and  there  is  less  of  the  actual  energy  of  the  percussion  stroke 
lost,  so  that  the  eifect  of  the  percussion  extends  farther  into  the  depth. 
Plessimeters  of  ivory,  metal,  and  glass  conform  most  closely  to  ideal  re- 
quirements ;  soft  rubber  is  just  as  elastic,  but  is  more  compressible,  so  that 
the  effect  of  the  percussion  does  not  extend  so  deep  and  the  percussion 
sound  is  not  so  loud. 

The  plessimeter  finger  is  most  often  used,  partly  because  it  is  always 
available,  and  partly  because  it  permits 
us  to  judge  of  the  feeling  of  besist- 
ANC£,  thus  yielding  most  Taluabl©  in- 
formation accessory  to  the  percussion 
sounds.  Moreover,  it  is  possible  easily 
to  approximate  it  to  the  surface  in  re- 
gions difficult  of  access  to  a  rigid  ples- 
simeter (e.  g.,  intercostal  spaces  in 
front,  supraclavicular  fossae.  On  the 
other  hand,  as  regards  elasticity  and 
compressibility,  the  finger  is  far  inferior 
to  an  ivory  plessimeter. 

As  a  PERCussoit,  or  flessob,  it  is 
customary  in  America  to  use  the  middle 
finger  of  the  right  hand,  flexed  to  an 
obtuse,  or  almost  a  right,  angle  at  the 
terminal  joint,  and  slightly  flexed  at 
the  proximal  joint  of  the  finger.  The 
stroke  is  delivered  entirely  from  the 
wrist,  the  forearm  remaining  in  posi- 
tion. With  practice  one  soon  learns 
how  best  to  deliver  the  stroke,  gently 
=n  KTKiS':  i.a.™  ..Mob.,,..  *<"■  "superficial  percussion," 
|»=i'  a°8  1*"^°*'  more  forcibly  for  "deep  per- 

cussion."     As    a    rule,    the 


Fig.   152. — Topogrsphy  of  the  Thoracic  .         «  i.      u   i_        ii  i    ,. 

.tid  Upper  Abdominal  visoera.  Viewed     percussing  finger  should  be  allowed  to 
[rom  the  Leit  Side.  rebound  immediately  from  the  plessim- 

eter after  it  has  struck,  in  order  that  the 
plessimeter  may  freely  vibrate  wifh  the  part  beneath.  In  some  instances, 
it  may  be  desirable  more  or  less  to  dampen  the  vibration  by  the  fingers  on 
each  side  of  the  plessimeter  finger,  or,  again,  one  may  use  three  fingers 
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Fig.  153.  —  Gold- 
8cbelder*8  Ortbo- 
percuMlon.  (After 
A.  D.  Hlrschfeld- 
er,  "Diseases  of 
the  Heart  and 
Aorta***  pabllshed 
by  J.  B.  Lippin- 
cott  Co.,  Phila.) 


in  succession  as  plessimeter  fingers,  passing  quickly  from  one  to  another. 
In  gentle  percussion,  the  plessimeter  finger  should  lie  merely  in  smooth 
contact  with  the  part  under  study ;  for  deep  percussion^ 
it  jnay  be  firmly  pressed  against  this  part  Many  clini- 
cians, especially  in  Europe,  make  use  of  a  percussion 
hammer^  the  head  of  whidi  is  covered  with  hard  rubber, 
leather,  or  felt  (to  avoid  the  production  of  a  tone  de- 
pendent upon  the  hammer  and  the  plessimeter  them- 
selves, and  masking  the  sound  produced  by  vibration  of 
the  underlying  organ). 

In  orthopercussion^  the  force  of  the  blow  is  directed 
exactly  perpendicular  to  the  surface.  (Figs.  153  and  154.) 

The  STBENGTH   OF   THE  PERCUSSION   STROKE  should 

vary  greatly  according  to  the  conditions  of  the  exam- 
ination.    When  the  soft  parts  over  the  organ  under 
examination   are   thick,    the   stroke   must,    of  course, 
be  harder  to  set  that  organ  in  vibration;  otherwise, 
delicate   differences    in    the    intensity    of    the    sound 
produced  are  more  easily  perceived  when  the  sound  is  not  loud.     Thus, 
in  determining  the  so-called   superficial   or  absolute   dullness   of 
the  heart,  or  of  the  junction  of  an  air-containing  organ  with  an  air- 
less part    (lung  limits),   feeble  percussion  should  be  employed.      For 

this  purpose,  the  no-sound  stroke, 
as  described  by  Henry  Lee  Smith,  is 
very  helpful ;  the  strength  of  the 
stroke  is  such  that  no  sound  at  all  is 
produced  (just  disappears)  over  an 
airless  area.  Passing  from  this  to 
an  air-containing  or  gas-containing 
area  with  the  same  strength  of  stroke, 
a  percussion  soimd  is  immediately 
produced  as  the  boundary  is  passed 
(lung  limits,  edge  of  liver,  etc). 

In  the  determination  of  eo-called 
deep  or  relative  dullness,  however 
(as,  for  example,  the  lateral  margin 
of  the  heart  or  the  upper  surface  of 
the  liver  covered  by  lung),  it  is 
necessary  to  use  a  somewhat  stronger 
stroke,  though  even  here  one  does 
best  to  use  percussion  of  medium  force  rather  than  the  very  strong  per- 
cussion so  often  employed.  Goldscheider  has  shown  that  the  no-sound 
stroke  can  also  be  used  for  determining  the  location  of  the  boundaries 
of  deep  dullness  (so-called  thresholdrvalue  percussion). 


6 


Pl^.  154. — PercQssion  with  the  Ortho- 
plessimeter.  (A)  J.  O.  Hlrsch- 
felder's  Orthoplessimeter  and  Its 
Mode  of  Application.  (B)  Supposed 
Line  of  Transmission  of  the  Percus- 
sion Impulse  from  the  Orthoples- 
simeter. Res.  Resonant  Percussion 
Note.  (After  A.  D.  HIrschfelder. 
"Diseases  of  Heart  and  Aorta,"  pub- 
lished by  J.  B.  Lippincott  Co.,  Phila.) 
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(a)    The  Intensity  and  the  Quality  of  the  Sounds  Produced 

on  Percussion 

In  the  percussion  of  the  thorax,  as  elsewhere,  one  pays  attention  to 
the  following  points,  regarding  the  sounds  produced : 

1.  Their  loudness  (loud  or  feeble,  clear  or  dull). 

2.  Their  fullness  (full  or  empty,  long  or  short). 

3.  Their  pitch  (high  pitch  or  low  pitch). 

4.  Their  clang  or  timbre  (tympanitic  or  non-tympanitic ;  clang-rich 
or  not  clang-rich;  metallic  or  non-metallic). 

i.    The  Loudness  of  the  Percussion  Sounds 

This  depends,  essentially,  upon  the  amount  of  air  or  gas  in  the  organ 
examined.    Airless  parts  yield  only  a  feeble  sound  (dull,  or  flat,  sound; 
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"thigh  sound").  In  general,  the  sound  is  louder  and  "clearer,"  the 
greater  the  air  content  of  the  organ  percussed,  though  the  tension  of  the 
walls  has  some  influence  upon  this  (see  Tympanitic  Sound). 

In  other  words,  the  terms  "clear"  and  "dull"  refer  to  the  intensity  of  the 
sound.  Measurements  by  means  of  microphone  and  galvanometer,  as  well  as  by 
means  of  the  phonograph,  have  shown  that  the  clear  sound,  or  resonance,  of  the 
normal  lung  corresponds  to  waves  of  decidedly  greater  amplitude  than  the  dull 
sound  (F.  Miiller).  It  should  be  especially  noted  that  the  expressions  "clear" 
and  "dull"  are  used,  cUnically,  in  a  different  sense  from  that  of  ordinary  speech. 
In  the  latter,  by  a  "clear  note,"  is  usually  meant  a  high  clang,  and  by  a  "dull 
sound,"  a  low  clang.  Clinically,  on  the  contrary,  one  refers  to  the  loudness  of 
tiie  sound,  that  is,  to  the  amplitude  of  the  sound  waves  that  strike  the  ear  drum. 
This  intensity  depends  on  (1)  the  capacity  for  .vibration,  especially  upon  the 
amount  of  air  in  the  organ  percussed;  and  (2)  the  strength  of  the  percussion  blow. 
In  comparative  percussion,  therefore,  one  should  always  use  exactly  the  same 
force,  and  should  especially  avoid  confirming  a  preconceived  opinion  by  unequal 
force  of  the  percussion  blows,  for  unequal  force  will  produce  unequal  sounds  and 
dulhiess  may  thus  be  simulated. 

iL    The  FuDness  of  the  Percuasioo  Sounds 

The  terms  "fullness"  and  "emptiness"  have  to  do  mainly,  as  experi- 
ments with  the  microphone  and  the  phonograph  prove,  with  the  duration 
of  the  soimds,  the  full  sound  lasting  long,  the  empty  sound  being  brief. 
Healthy,  air-containing  lung  yields  a  full  sound  (0.42  seconds  in  length)  ; 
the  solid,  infiltrated  lung  yields  an  empty  sound  (0.28  seconds)  (F. 
Miiller).  The  difference  in  duration  is  not  great,  but  is  distinctly  per- 
ceptible by  the  ear. 

A  percussion  sound  is  full  (of  long  duration)  when  it  is  rich  in  low 
tones,  because  these  tend  to  die  away  more  slowly  (pulmonary  emphysema, 
pneumothorax).  The  term  "empty  sound"  is  not  precisely  equivalent  to 
"dull  (feeble),"  though,  as  a  rule,  the  loud  sounds  are  also  full  and  the 
dull  sounds  are  also  empty  (F.  Miiller), 

iiL    The  Pitch  of  Percussion  Sounds 

In  the  physics  of  sound,  as  is  well  known,  the  pitch  of  a  tone  depends 
upon  the  number  of  vibrations  per  second.  The  greater  the  number  of 
vibrations,  the  higher  the  tone.  From  the  standpoint  of  pure  physics, 
percussion  soimds  are  always  noises,  composed  of  a  large  number  of  indi- 
vidual tones.  In  the  percussion  sounds  elicited  over  the  lungs,  experi- 
ments with  large  resonators  (F.  Miiller)  have  shown  that  the  tone  series 
present  extends  from  C  down  as  far  as  F.  The  upper  limit  of  this  series 
is  unimportant,  since  it  depends,  mainly,  on  the  plessor  and  the  plexim- 
eter,  but  the  lower  limit  is  of  great  significance.  The  percussion  sound 
over  the  healthy  lung  contains  lower  tones  in  the  adult  than  in  the  child ; 
the  lowest  tones  are  met  with  over  the  distended  lungs  in  pulmonary 
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emphysema  and  especially  in  pneumothorax  (even  as  low  as  E).  When  the 
apex  of  the  lung  is  infiltrated  (e.  gr.,  in  tuberculosis),  low  tones  are  absent 
over  it,  though  they  are  still  present  over  the  other  healthy  apex,  and  the 
percussion  sound  is,  therefore,  said  to  be  of  "higher  pitch"  (better,  of 
"less  low^'  pitch)  on  the  diseased  side. 

Of  all  the  tones  in  a  series  contained  in  the  sounds  elicited  on  percus- 
sion of  the  lungs,  the  lowest  ones  tend  to  be  the  loudest,  and  to  die  away 
most  slowly  (being  also  of  longer  duration).  A  percussion  sound,  there- 
fore, that  contains  (1)  very  low  tones  is  usually  also  (2)  loud  ( — clear) 
and  (3)  full  ( — ^long-lasting). 

The  ear  should  be  carefully  exercised  in  the  appreciation  of  the 
lower  tones,  especially  on  percussion.  When  one  tone  is  dominant,  as  in 
tympanitic  sounds,  the  height  of  its  pitch  is  easily  recognizable  to  one 
that  has  a  good  tone-pitch  sense.  The  recognition  of  differences  in  the 
pitch  of  the  dominant  tone  in  tympanitic  sounds  lies  at  the  basis  of  the 
recognition  of  the  so-called  "alterations  in  pitch,"  on  change  of  conditions, 
of  Wintrich,  Gerhardt,  etc.  (vide  infra). 

Tympanitic  sounds  are  fuller  (t.  6.,  of  longer  duration)  than  non- 
tympanitic  sounds,  a  fact  that  sometimes  helps  us  to  recognize  them. 

iv.    The  Claii|{-Gonten(,  or  Timbre,  of  Percussioii  Sounds 

The  tympanitic  sound  resembles  a  clang  and  usually  permits  of  the 
recognition  of  the  definite  pitch  of  the  fundamental,  dominant  tone  in  the 
clang.  A  tympanitic  percussion  sound  is  met  with  over  large  cavities, 
containing  air  or  gas  (e.  g,,  over  the  larynx,  the  trachea,  the  stomach,  and 
the  intestine).  The  healthy  lung  yields  a  non-tympanitic  sound  on  per- 
cussion; in  this  there  is  no  definite,  fundamental,  dominant  tone.  A 
single  exception  must  be  made;  over  the  lower  part  of  the  left  lung,  where 
we,  in  reality,  percuss  over  a  thin  lung-margin,  and  over  the  diaphragm, 
we  may  elicit  the  tympany  of  the  underlying  stomach. 

A  t)rpical  t3rinpanitic  sound  can  be  experimentally  produced  by  percussion  over 
a  hollow  membranous  sphere;  thus,  if  one  cut  out  a  stomach  and  blow  it  up,  it 
will  be  found  that  tympany,  on  percussion,  is  most  distinct  when  the  walls  are  under 
a  certain  optimal  degree  of  tension.  The  tympany  will  become  less  distinct  when 
the  tension  is  of  lower,  or  of  higher,  grade.  If,  after  the  degree  of  distention  cor- 
responding to  the  maximal  tympany  has  been  reached,  the  stomach  be  gradually 
blown  up  further,  and  be  tested  from  time  to  time,  one  can  convince  himself,  as  the 
tension  of  its  walls  increases,  not  only  that  the  richness  in  clang  changes,  but  that 
there  is  also  a  change  in  the  pitch  of  the  sound;  as  it  becomes  poorer,  or  "harder," 
in  clang,  the  pitch  becomes  higher;  in  other  words,  the  percussion  sound  becomes 
(1)  higher  and  (2)  emptier.  Physicists  assert  that  this  change  in  the  character 
of  the  clang,  through  the  tension  of  the  walls,  is  due  to  the  fact  that  both  the  gas 
content  and  the  walls  are  concerned  in  the  production  of  the  sound.  The  more 
capable  of  vibration  both  are,  the  easier  it  is  for  each  to  adapt  its  vibration  to 
that  of  the  other;  thus,  when  the  wall  is  adaptable,  the  rhythm  of  the  vibrations 
depends  essentially  on  the  size  of  the  cavity;  here  the  "gas  dominates  the  sound 
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and  hence  the  tone  is  of  low  pitch.''  But  if  the  wall,  throngh  its  tension,  is  made 
incapable  of  performing  slow  vibrations,  it  will  then  hinder  the  origin  of  low  tones, 
even  in  the  gas  space;  the  vibrations  of  the  gas  must  then  adapt  themselves  to 
th68e  of  the  wall;  the  'Seall  becomes  the  dominator  of  the  sound''  (D.  Qerhardt). 
The  explanation  of  tympanitic  and  non-tympanitic  sounds  over  the  lungs  is 
somewhat  more  complicated  than  for  the  simple  g^  of  a  large  hollow  space, 
such  as  has  just  been  described.  As  a  matter  of  fact,  the  normal  lung,  in  situ, 
yields  a  non-t3rmpanitic  sound  on  percussion,  but  the  lung  removed  from  the  body 
and  percussed  yields  a  tympanitic  sound,  though  it  loses  the  tympanitic  clang  again 
if  it  be  artificially  blown  up.  It  has  been  suggested  that  the  collapsed  lung  is 
comparable,  in  its  vibratory  capacity,  to  a  layer  of  foam.  In  both  cases  there 
arises,  on  percussion,  a  note  of  such  low  pitch  that  it  cannot  possibly  belong  to  the 
proper  tone  of  the  small  alveoli;  it  seems  certain  that  the  many  small  air-containing 
alveoH,  and  the  fine  fiuid-  or  tissue-membranes  separating  them  from  one  another, 
vibrate  as  a  whole,  for  the  low  pitch  of  the  sound  increases  with  the  size  of  the 
piece  of  lung,  or  of  the  foam  mass,  percussed,  the  sound  being  lower  in  pitch  than 
would  correspond  to  that  of  a  cavity  of  the  same  size.  The  elastic  partitions  act, 
therefore,  on  the  vibrating  air  mass  like  ballast,  slowing  the  periodic  number. 
If  now  the  conditions  be  changed  so  that  the  elastic  partitions  no  longer  vibrate 
freely  like  the  fine  fluid-membranes  of  a  foam-layer,  and  are  unable  to  adapt 
themselves  to  the  vibrations  of  the  air  space,  but  have  become  rigid  through  the 
distention  of  the  lung,  the  capacity  of  the  lung  for  vibration  diminishes.  The 
tympanitic,  low-pitched,  fundamental  tone  then  gradually  disappears,  and  there 
remain  only  tones  of  higher  pitch  (as  in  the  over-distended  stomach) ;  the  sound 
becomes  emptier,  and  is  no  longer  tympanitic. 

A  tympanitic  sound  over  the  lung,  except  in  TrauWs  space,  points  to 
an  abnormal  condition  within  the  thorax:  (1)  to  smooth-walled  cavities 
(lung  cavities,  bronchiectatic  cavities,  abdominal  viscera  dislocated  into 
the  thorax)  ;  (2)  to  a  change  in  the  structure  of  the  lung  that  leads  to 
loss  of  the  tension  of  the  alveolar  walls;  (a)  in  atelectasis  of  the  lung, 
from  bronchial  occlusion,  or  from  compression  due  to  high  position  of  the 
diaphragm,  large  pericardial  effusions,  or  pleural  effusions ;  (b)  in  edema 
of  the  lung;  (c)  in  certain  stagesi  of  pneumonia  when  the  alveolar  septa 
have  changed  in  texture  from  the  inflammation,  though  the  air  content  is 
not  yet  essentially  diminished;  (3)  to  bronchi  (running  in  airless  tissue) 
having  a  sufficient  air  content  to  give  rise  to  a  tympanitic  note;  and  (4) 
to  the  trachea  behind  solid  lung  tissue  (as,  sometimes,  in  the  child's 
thorax). 

Metallic  Sounds,  or  Metallic  Clangs. — ^A  metallic  ring  (or  amphoric 
sound)  on  percussion  depends  upon  the  presence  of  high  over- tones  ac- 
companying and  obscuring  a  low  fundamental  tone.  It  arises  in  large 
gas-containing  cavities  with  smooth  walls,  but  the  walls  must  be  tense. 
It  will  appear  in  the  blown-up  stomach  (see  above),  if  the  distention  be 
BuflSciently  increased.  To  grow  familiar  with  this  sound,  it  may  be 
elicited  by  percussing  over  the  cheek  after  the  mouth  has  been  so  strongly 
distended  by  air  that  the  tympanitic  sound,  present  on  less  distention, 
disappears.     It  is  best  brought  out,  when  elicitable  over  the  thorax,  by 
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percussing  with  the  handle  of  a  percussion  hammer  or  with  a  lead  pencil 
upon  the  pleximeter  (Heubner's  method),  and  listening,  with  the  stetho- 
scope, over  an  adjacent  area,  for  the  metallic  ring  or  bell-like  sound.  (See 
also  Coin  Sound  in  Pneumothorax.) 

A  cracked-pot  sound  (or  metallic  chink)  arises,  on  strong  percussion, 
if  air  or  gas  be  thereby  driven  out  of  a  cavity  through  a  narrow  opening. 
The  sound  may  be  imitated  by  clasping  the  hands  loosely  together,  and 
striking  the  back  of  one  of  them  upon  the  knee.  It  can  also  be  elicited  by 
strong  percussion  of  the  chest  of  a  healthy,  crying  baby.  Or,  if  one  hold 
his  own  mouth  slightly  open  and  the  cheek  much  relaxed,  sharp  percussion 
(indirect  or  direct)  of  the  cheek  will  give  rise  to  the  characteristic  sound. 

Reference 

A$trow9ki  (5*)*    DiaanosHsche  Bedeulung  des  Klanges  einer  KuvfermUme  (signe  du  sou) 

bei  LungenentzHndung  und  PleuritU  bei   Kinaem.    Jakrb,  /.    Kinder' 
heilk,,  1913,  Ixxviii,  S4IS46. 

(b)    The  Feeling  of  Resistance  on  Percussion 

A  person  percussing  is  able  to  draw  more  conclusions  from  his  percus- 
sion than  is  the  listening  bystander,  since,  in  addition  to  hearing  better, 
he  experiences  certain  tactile  sensations,  not  accessible  to  the  bystander, 
which  may  be  of  great  value  in  diagnosis.  The  sense  of  resistance,  felt  by 
the  fingers,  on  percussion  varies  with  the  compressibility  of  the  part  per- 
cussed. The  resistance  over  solids  and  liquids  is  great ;  that  over  air-con- 
taining parts  is  much  less. 

Gerhardt  illustrates  this  point  by  the  sensations  received  by  the  finger 
when  it  percusses  a  glass  filled  with  a  foaming  fluid ;  as  long  as  the  fluid 
is  covered  by  a  thick  layer  of  foam,  there  is  a  tympanitic  sound;  when 
the  foam  has  disappeared,  the  sound  becomes  feebler  and  shorter,  and  the 
percussing  finger  striking  the  bottom  of  the  glass  feels  distinctly  that  the 
glass  has  become  less  vibratory — it  feels  harder.  In  other  words,  the  more 
vibratory  a  body  is  on  percussion,  the  softer  it  feels. 

It  will  be  seen  that  the  conditions  that  give  rise  to  feeble  and  to 
empty  sounds  are  those  in  which  the  sense  of  resistance  also  is  great,  and, 
vice  versa,  the  conditions  that  give  rise  to  loud  (clear)  and  to  long- 
lasting  (full)  sounds  are  those  in  which  the  sense  of  resistance  is  less. 
Upon  these  facts,  also,  the  so-called  tactile  percussion  (Ebstein)  is  based. 
(See  Delimitation  of  Deep  Cardiac  Dullness  in  the  Section  on  Diagnosis 
of  Diseases  of  the  Circulatory  Apparatus.) 

(c)    Topographical  Percussion  of  the  Lungs 

Before  comparing  the  percussion  note  over  symmetrical  areas  of  the 
two  lungs,  it  is  best  to  mark  out,  by  percussion,  the  borders  of  both  lungs 
{topographical  percussion).     In  delimiting  the  lung  margins,   we  use 
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very  gentle  percussion  (finger-finger,  or  hammer  pleximeter) ;  here  the 
"no-sound"  stroke  (H,  L.  Smith)  and  the  "threshold-value"  percussion 
of  Groldscheider  are  very  helpful.  Since  the  percussion  sounds  over  the 
healthy  lungs  are  non-tympanitic,  are  loud  (clear),  and  die  away  slowly 
(of  long  duration,  or  full),  it  is  easy  to  mark  off  their  borders,  (1)  from 
adjacent  solid  organs  (heart,  liver,  spleen,  muscles,  etc.),  which  yield  a 
feeble  (JuU)  and  short  (empty)  sound,  and  (2)  from  gas-containing 
abdominal  organs,  since  they  yield  a  tympanitic  sound.  In  outlining  the 
lung  limits  by  percussion,  the  pleximeter  should  be  moved  along  lines 
parallel  to  the  long  axis  of  the  body.  In  very  exact  work,  we  may  resort 
to  (1)  the  linear  percussion  of  Wintrich,  in  which  the  pleximeter  is  held 
obliquely,  on  its  edge,  while  we  percuss  on  its  surface;  (2)  to  the  finger 
position  of  Plesch  (q.  v.)  ;  but  these  are  refinements  of  technic,  upon 
which  I  do  not  lay  much  stress. 

By  the  determination  of  the  limit  of  the  pulmonary  resonance  adjacent 
to  a  solid  organ  is  meant  the  finding  and  marking  of  the  line  at  which 
the  loud,  full,  sound  of  the  lung  disappears,  on  feeble  percussion,  to 
give  place  to  the  completely  dull  and  empty  sound  of  the  solid  organ. 

The  Upper  Limits  of  the  Pulmonary  Besonance  on  Percussion. — ^This 
is,  normally,  in  the  same  position  on  the  two  sides.  To  determine  it  the  left 
fore-finger  is  placed  in  the  supraclavicular  fossa,  parallel  to  the  clavicle; 
we  then  percuss,  passing  upward  and  from  the  side  into  the  neck.  The 
line  of  the  lung  margin  passes  obliquely,  from  above,  downward  and  for- 
ward, to  go  over  into  the  medial  margin  of  the  lung  alongside  of  the 
sternocleidomastoid  muscle  and  behind  the  manubrium.  It  extends  for  a 
distance  of  from  3-4  cm.  above  the  clavicle  at  the  level  of  the  spine  of  the 
6th  or  Yth  cervical  vertebra,  and,  behind,  goes  over  the  edge  of  the  M. 
trapezius  obliquely  downward  and  medialward  into  the  posterior  medial 
lung  limit  at  the  level  of  the  spine  of  the  second  thoracic  vertebra. 

Eronig's  Fields  of  Pulmonary  Resonance  at  the  Apices. — In  addition 
to  this  medial  upper  limit  of  the  resonance  of  the  lung,  Kronig  determines, 
by  percussion,  the  lateral  limit  of  the  lung  resonance.  The  patient 
sits  on  a  stool,  with  his  head  bent  forward  and  his  arms  hanging 
loosely  by  his  sides.  The  examiner,  while  delimiting  the  medial  and 
lateral  boundaries,  alternately  stands  to  the  right  and  to  the  left  side 
of  the  middle  line  of  the  patient.  The  lateral  upper  limit  of  resonance 
crosses  the  margin  of  the  M.  trapezius  about  5  cm.  medialward  from  the 
acromion,  and  thence  runs  (both  in  front,  and  on  the  back)  downward 
(and  slightly  lateralward)  towards  the  axilla.  The  widths  of  the  zone  of 
resonance  at  the  margin  of  the  M.  trapezius  amounts  normally  to  from 
6-7  cm. 

These  areas  of  Kronig  do  not,  of  course,  correspond  to  the  anatomical 
projection  of  the  lung  apices,  but  represent  only  the  "areas  of  resonance,'* 
due  to  the  apices.     Goldscheider's  method,  on  the  other  hand  (threshold- 
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value  percussion,  with  sagittally  directed  percussion  stroke)  gives,  he 
asserts,  almost  exactly  the  anatomical  projection  of  the  lung  apices  on  tlie 
front  of  the  chest  Normally,  the  upper  mai^in  of  the  lung  reaches  a 
point,  above  the  clavicle,  corresponding  to  the  position  of  the  tubercle  on 
the  first  rib,  which  can  be  felt,  on  palpation,  between  the  beads  of  the 
Btemocleidomastoid  muscle.  Goldscbeider^  accordingly,  determines  first 
the  position  of  the"  upper  margin  between  the  two  heads  of  the  muscle, 
then  maps  out  the  medial  boundary,  and  subsequently  by  percussion  of 
the  first  rib  itself  delimits  the  eubapical  parts.  Though  bis  method  seems 
to  yield  accurate  results  in  his  bands,  it  is  difficult  to  apply  in  practice. 
Considerable  skill  is  required,  and  the  room  must  be  absolutely  quiet. 
Moreover,  the  older  methods,  though  they  yield  percussion  areas  that 
do  not  correspond  to  anatomical  projections,  permit  one  to  recognize 
pathological  changes  in  a  satisfactory  way,  and,  as  Qerhardt  emphasizes, 
through  tbem,  we  are  able  to  percuss  the  apical  region  from  three  sides,  so 
that  anomalies  are  less  likely  to  be  overlooked. 


The  Lower  LimitB  of  the  Pnlmonaiy  Resonance  on  PercnsBion. — These 
can  be  easily  determined  by  gentle  percussion  according  to  the  methods  de- 
scribed above,  except  at  the  junction  of  the  left-lung  resonance  and  the 
Btomach  tympany  (lateral  from  the  left  mammillary  line). 

The  limits  should  be  determined  during  quiet  breathing.  The  normal 
limits  are  as  follows : 
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Right  Side. — (1)  In  the  lateral  sternal  line,  the  lower  margin  of  the 
5tb-6th  rib; 

(2)  In  the  mammillary  line,  between  the  lower  margin  of  the  6tb  and 
tie  upper  margin  of  the  7th  rib ; 

(3)  In  the  axillary  line,  the  lower  margin  of  the  7tli  or  the  upper 
fflsrgiii  of  the  8th  rib; 

(4)  In  the  scapular  line,  the  9th  or  10th  rib; 

(5)  Near  the  vertebral  column,  behind,  the  level  of  the  spine  of  the 
llti  thoracic  vertebra. 


T\i.  156.— PercDBslon  BoDndarlea  of  the  LtiDK,  the  IJTer,  the  Bpleen,  and  Tnabt't  Space  on 
the  Left  Bide. 

Left  Side. — The  lower  margin  of  the  lung,  beginning  at  the  sternum, 
extends  lateralward,  behind  the  4th  rib,  as  far  as  the  parasternal  line  (the 
lingula  being  too  thin  to  yield  resonance),  and  then  behind  the  6th  rib; 
nin'ing  along  the  left  margin  of  the  superficial  cardiac  dullness,  it  turns, 
»t  the  6th  rib,  horizontally  backward ;  in  the  mammUlary  line,  it  is  at  the 
lower  margin  of  the  6th  rib ;  in  the  axillary  line,  it  reaches  the  level  of  the 
"th-Sth  rib;  in  the  scapular  line,  that  of  the  9th- 10th  rib;  near  the  verte- 
bral column,  it  is  opposite  the  spine  of  the  11th  thoracic  vertebra. 

This  lower  limit  of  the  pulmonary  resonance  varies  (1)  with  the  phases 
of  respiration,  and  (2)  with  the  position  of  the  patient  On  forced  inspi- 
ration, the  boundaries  may  descend  2-3  cm.  below  the  level  found  in  quiet 
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breathing.  In  the  dorsal  decubitus,  the  lower  margin  is  1-2  cm.  below  its 
position  in  the  sitting  posture ;  in  the  lateral  decubitus,  that  of  the  upper 
lung  may  descend  3-4  cm.  lower. 

The  medial  margins  of  the  lung,  in  front,  are  outlined  when  the  super- 
ficial cardiac  dullness  is  determined  (q.  v.). 

Abnormal  Position  of  the  Boundaries  of  the  Longs. — The  determina- 
tion of  the  lung  limits  may,  in  pathological  states,  show  (1)  a  general 
expansion,  (2)  a  displacement  only  of  the  lower  boundaries,  (3)  a  general 
contraction,  or  (4)  a  displacement  either  of  the  lower,  or  of  the  upper 
limit. 

Oeneral  expansion  of  the  lung  limits,  is  met  with  in  chronic  emphysema 
and  in  the  temporary  inflation  of  the  lungs  due  to  tracheal  or  laryngeal 
stenosis,  diffuse  bronchitis  and  bronchiolitis,  or  asthma.  The  lower  limit 
may  be  lower  than  normal  from  compensatory  emphysema  of  the  lower 
part  of  the  lung  (a)  when  the  upper  part  is  diseased  (a.  gr.,  in  apical 
tuberculosis),  or  (b)  when  the  lung  is  diseased  on  the  opposite  side  of  the 
body. 

Oeneral  contraction  of  the  lung  limits  is  met  with  when  the  total 
amount  of  air-containing  tissue  in  the  lungs  is  diminished  from  any  causQ 
(cirrhosis  of  the  lung,  prevention  of  entrance  of  air  into  thelimg,  com- 
pression of  the  lung). 

The  lower  limit  of  a  lung  may  be  higher  than  normal  (a)  when  the 
diaphragm  is  high  (abdominal  distention),  (b)  in  retraction  of  a  lung 
(from  cirrhosis,  or  from  tuberculosis),  or  (c)  when  parts  of  the  lung  are 
deprived  of  air  (bronchostenosis,  etc.).  A  very  common  cause  for  dis- 
placement of  the  lower  limit  of  pulmonary  resonance  upward  is  the 
accumulation  of  fluid  in  the  pleural  cavities.  When  the  pleura  is  non- 
adherent, the  fluid  tends  to  accumulate  chiefly  in  the  lateral  parts;  the 
line  of  the  dullness  does  not,  as  a  rule,  run  horizontally,  but  in  a  curve, 
the  highest  point  of  which  lies  approximately  in  the  posterior  axillary 
line,  descending  rather  abruptly  in  front,  and  more  gradually  behind 
(Ellis'  curve,  S-shaped  line  of  Gardner,  parabolic  dullness-curve  of 
Damoiseau). 

Retraction  of  the  upper  limit  is  most  often  due  to  pulmonary  tubercu- 
losis. The  retraction  of  the  apex  is  usually  first  demonstrable  at  the  upper 
medial  margin  in  front,  and  by  Kronig's  method  can  be  demonstrated 
also  at  the  upper  medial  margin  behind. 
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(d)    Comparative  Percussion  of  the  Lungs 

It  should  be  kept  in  mind  that,  even  in  health,  the  pulmonary  resonance 
on  percussion  varies  somewhat  over  different  areas  of  the  thorax  corre- 
sponding (1)  to  the  variable  thickness  of  the  soft  parts,  and  (2)  to  the 
Tariable  volume  of  lung  beneath.  In  some  places,  the  sound  is  louder 
(clearer),  and  fuller  (longer),  than  in  others.  By  repeated  percussion  of 
the  healthy  chests  of  different  persons,  one  gradually  fixes  in  his  mind 
memories  of  the  normal  sounds  heard,  and  of  the  normal  resistance  felt, 
on  percussion  over  the  lungs,  and  one  learns  gradually  to  estimate  how 
much  muffling,  or  dulling,  of  the  sound  may  be  due  to  varying  degrees  of 
obesity  and  to  different  degrees  of  muscular,  and  of  mammary,  develop- 
ment The  sound  produced  by  percussion  over  the  bones  of  the  thorax 
(ribs,  sternum,  clavicles,  scapular  spines)  is  somewhat  duller,  shorter,  and 
higher  pitched  than  in  the  intercostal  spaces.  The  percussion  sound  is 
nearly  always  somewhat  clearer  in  front  and  at  the  sides  than  behind.-  In 
fat  people,  especially,  the  resonance  on  percussion  over  the  back  suffers 
markedly. 

It  is  always  well  to  compare  the  percussion  sounds  yielded  by  sym- 
metrical parts  on  the  two  sides  of  the  chest  {comparative  percussion), 
beginning  with  percussion  of  the  supraclavicular  fossae  above  and  passing 
downward  on  the  two  sides  over  the  several  intercostal  spaces,  making 
sure  to  percuss  always  with  the  same  force  and  to  direct  the  stroke  in 
the  same  way. 

The  breathing  should  be  shallow  during  the  examination,  since,  on 
feeble  percussion,  the  sound  produced  is  duller,  shorter,  and  higher  in  pitch 
during  inspiration,  while,  on  strong  percussion,  it  is  lower  in  pitch  during 
inspiration. 

The  loudest  sounds  are  normally  met  with  between  the  third  and  the 
fifth  rib  in  front.  The  sound  is  a  little  feebler  and  shorter  between  the 
second  and  the  fourth  ribs  on  the  left  side  than  on  the  right;  from  the 
fourth  rib  downward  on  the  right,  the  sound  begins  to  be  shorter,  owing 
to  the  relative  liver  dullness. 

In  comparative  percussion,  too,  the  influence  of  (a)  the  cardiac  dull- 
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ness,  (b)  the  tympanitic  space  of  Traube  (4th-6th  rib  on)  due  to  the  stom- 
ach in  the  lower  part  of  the  left  front,  and  (c)  the  slight  asymmetry  of  the 
two  apices  of  the  lung,  on  the  pulmonary  resonance,  must  be  kept  in  mind. 
Further,  slight  asymmetries  of  the  two  sides  of  the  thoracic  wall  are  im- 
portant in  comparative  percussion;  even  a  slight  grade  of  scoliosis  may 
affect  the  sounds. 

Behind,  the  percussion  sounds  are  less  loud,  and  of  shorter  duration, 
over  the  shoulder  blades;  beneath  the  angle  of  the  scapula,  they  become 
louder  and  fuller,  rather  more  so  on  the  left  than  on  the  right  on  account 
of  the  relative  liver  dullness. 

In  pathological  conditions,  changes  in  the  normal  intensity,  duration, 
and  pitch  are  recognizable.     (See  below.) 
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L    Dnlliieas  and  Flatness  on  Percussion 

The  percussion  sound  may  be  dull,  where  it  is  normally  loud,  in  all 
conditions  in  which  the  air  content  of  the  portion  of  the  lung  percussed 
is  less  than  normal. 

This  may  be  due  (1)  to  infiltration  of  the  lung;  (2)  to  collapse,  or 
atelectasis,  either  from  external  pressure,  or  from  absorption  of  the  air 
after  bronchial  occlusion;  or  (3)  to  the  presence  of  fluid,  or  of  abnormal 
tissue,  between  the  lung  and  the  thoracic  wall. 

In  order  that  airless  lung  shall  be  recognizable  on  percussion,  the  area 
deprived  of  air  must  be  at  least  as  large  as  the  pleximeter  used,  and  must 
extend  2  cm.  deep. 

Infiltration  of  the  lung  occurs  in  pneumonia  (croupous  and  catarrhal), 
tuberculosis,  hemorrhagic  infarction,  abscess,  and  neoplasm ;  atelectasis  of 
the  lung  may  be  due  to  compression  (pleuritic  or  pericardial  exudates,  or 
neoplasms),  or  to  absorption  of  the  air  from  the  alveoli  after  the  bronchi 
have  be^n  plugged  (bronchial  stenosis). 
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When  the  lung  is  separated  from  the  chest  wall  by  fluid  (pleural 
effusions,  empyema,  hydrothorax),  there  must  be  at  least  400  c.a  (in  the 
adult)  to  yield  dullness  on  percussion.  Pleuritic  thickening,  and  neoplasms 
separating  the  lung  from  the  chest  wall,  can  also  cause  dullness. 

The  boimdaries  of  the  dullness,  due  to  the  fluid  in  exudative  pleuritis, 
change  as  a  rule  but  little,  if  at  all,  with  change  of  position  of  the  patient 
(encapsulation  by  adhesions) ;  in  hydrothorax,  which  is  usually  bilateral 
though  it  may  be  unequal  on  the  two  sides,  the  level  of  the  fluid  changes 
with  change  of  position,  but  only  slowly  after  15-30  minutes.  An  im- 
mediate change  of  the  dullness  (in  the  case  of  fluid  in  the  pleural  cavity) 
with  change  of  position,  indicates  the  simultaneous  presence  of  air  and 
fluid  (pyo-  and  seropneumothorax) ;  in  such  cases,  the  patient,  on  sitting 
or  on  standing,  may  present  dullness  in  both  lower  fronts,  while,  when 
lying  on  his  back,  the  fluid  sinks  backward  at  once  and  the  percussion 
sound  becomes  loud  in  front  where  it  was  previously  dull. 

Pathological  Fullness  or  Emptiness  of  the  Sound. — In  .pulmonary 
emphysema,  and  in  pneumothorax,  the  percussion  sound  is  abnormally  full 
(rich  in  tones  of  low  pitch).  A  pathologically  empty  sound  is  met  with  in 
most  cases  where  the  note  is  abnormally  dull,  though  emptiness  (shortness) 
and  dullness,  as  has  already  been  pointed  out,  are  not  synonymous  terms. 

iL    Patholoffical  Tympanitic  Sounds  on  Percussion  Over  the  Lun|(s 

Aside  from  the  tympany  in  Traube's  space  (lower  left  front),  due  to 
gas  in  the  stomach,  any  tympanitic  sound  elicited  on  percussion  over  an 
area  corresponding  to  any  portion  of  either  of  the  two  lungs  is  abnormal. 
Thus,  tympany  on  percussion  may  be  met  with  (1)  in  infiltrations  of  the 
lung;  (2)  in  relaxation  of  the  lung  tissue;  (3)  in  conditions  in  which  air 
and  fluid  are  present,  at  the  same  time,  in  the  alveoli;  (4)  over  large, 
smooth-walled,  air-containing  cavities  in  the  lung  tissue;  and  (5)  some- 
times in  pneumothorax. 

Tympany  Over  Infiltrated  Lung. — The  tympanitic  sound  heard  over 
infiltrated  areas  of  the  lung  tissue  is  due  to  the  better  conduction  between 
the  thoracic  wall  and  the  normal  air-containing  cavities  of  the  chest 
(bronchi).  The  note  is  simultaneously  dull  and  tympanitic  (e.g.,  in 
pneumonias,  and  in  compressions  of  the  lung  and  other  atelectases).  This 
tympanitic  bronchial  sound  is  more  often  elicitable  over  the  upper  lobes 
(owing  to  the  thinner  chest  wall  there)  than  over  the  lower ;  the  pitch  is, 
in  such  cases,  slightly  altered  when  the  patient  opens  and  closes  his  mouth, 
but  not  on  change  of  position  of  his  body. 

Tympany  Over  Balaxed  Lung. — Eelaxed  lung  tissue  yielding  a  tympa- 
nitic note  may  exist  (1)  in  the  neighborhood  of  extensive  infiltrations,  or  of 
pleuritic  and  pericardial  exudates  (Skodaic  resonance),  (2)  owing  to  com- 
pression of  the  lung  from  enlargement  of  the  heart  or  liver,  or  from  tumor 
growths,  or  (3)  when  the  bronchi  are  occluded.     The  tympanitic  note 
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elicited  in  such  circumstances  does  not  change  in  pitch  on  opening  and 
closing  the  mouth.  A  tympanitic  note  over  one  upper  lobe  may  arouse 
suspicion,  early  in  the  physical  examination,  of  the  existence  of  a  pneu- 
monia, or  of  other  cause  of  relaxation  of  lung  tissue,  in  the  lower  lobe  on  the 
same  side.  If,  at  autopsy,  a  relaxed  limg  be  percussed  on  removal  from 
the  body,  it  will  yield  a  tympanitic  sound ;  if  it  be  subsequently  blown  up, 
the  tympany  will  diminish. 

T^pany  Over  Lung  Containing  Air  and  Fluid  in  the  Alveoli — Air 
and  fluid  in  the  pulmonary  alveoli  yielding  a  tympanitic  note  are  met  with 
in  the  first  and  third  stages  of  croupous  pneumonia,  in  catarrhal  pneu- 
monia, in  pulmonary  edema,  and,  occasionally,  in  hemorrhagic  infarcts. 

Tympany  Over  Certain  Cavities. — A  tympanitic  percussion  sound  can 
be  brought  out  over  cavities  (tuberculous,  gangrenous,  bronchiectatic), 
when  they  are  as  large  as  a  walnut,  or  larger,  when  their  walls  are  smooth 
and  not  too  tense,  and  when  they  are  close  to  the  surface  of  the  lung,  or  are 
situated  in  the  interior  of  infiltrated  tissue.  (For  the  change  of  pitch 
over  such  cavities,  see  below.) 

Tympany  Over  a  Valvular  Pneumothorax. — Over  a  pneumothorax, 
especially  of  the  valvular  variety  in  which  the  air  may  be  under  great 
tension,  a  tympanitic  percussion  sound  may  sometimes  be  elicited.  In 
most  cases  of  pneumothorax,  however,  the  percussion  sound  is  not  tym- 
panitis, but  is  abnormally  loud,  and  of  low  pitch. 

iiL    Variatioiis  m  the  Pitch  of  Tympanitic  Percussion  Sounds 

.  In  listening  to  tympanitic  soimds  elicited  on  percussion,  we  pay 
attention,  especially,  to  the  dominant  tone.  The  pitch  of  this  dominant 
tone  has  been  found  to  be  variable  under  certain  conditions  inmiediately 
to  be  described. 

1,  Wintrich's  Change  in  Pitch. — In  this  type,  the  tympanitic  percus- 
sion sound  becomes  higher  in  pitch  on  Opening  the  mouth,  and  lower  on 
closing  it  It  can  be  imitated  by  percussing  on  the  cheek  while  the  mouth 
is  opened  and  shut.  This  variation  in  pitch  is  met  with  (1)  over  those 
cavities  in  the  lungs  that  communicate  freely  with  a  bronchus ;  it  is  also 
sometimes  observed  (2)  in  the  form  of  pneumothorax  in  which  there  is 
open  communication  vdth  a  bronchus,  and  (3)  over  a  pneumonia,  or  above 
a. large  pleuritic  exudate  (owing  to  percussion  vibration  of  the  air  in  the 
bronchi  through  the  infiltrated  or  relaxed  tissue).  If  Wintrich's  variation 
in  pitch  be  present  in  one  position  and  absent  in  another,  it  is  probable 
that,  in  the  position  in  which  it  is  absent,  the  conducting  bronchus  has  been 
occluded  by  fluid  ("interrupted  Wintrich's  change  of  pitch"). 

2.  Friedreich's  Change  in  Pitch. — This  is  less  important;  by  it  is 
meant  the  change  in  pitch  x)f  a  tympanitic  sound  over  a  cavity  during 
respiration ;  the  sound  becomes  higher  in  pitch  on  inspiration,  and  lower 
in  pitch  on  expiration. 
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3.  derhardfli  Change  in  Pitch.— This  is  met  with  over  oval  cavities 
partiallj  filled  with  fluid.  If  the  long  axis  of  the  cavity  be  in  the  sagittal' 
direction,  the  pitch  of  the  tympanitic  percussion  sound  is  higher  on  sitting 
than  on  lying;  if  the  long  axis  of  tie  cavity  be  in  the  anteroposterior 
direction,  the  pitch  is  lower  on  sitting  than  on  lying;  in  other  words,  a 
shortening  of  the  long  diameter  of  the  cavity  heightens  the  pitch.  This  is 
interesting,  but  practically  unimportant 

4.  Bienner's  Change  in  Pitch. — By  this  is  meant  the  change  in  pitch 
that  is  met  with  sometimes  over  seropneumothorax;  the  pitch  of  the 
percussion  sound  is  lower  on  sitting  than  on  lying  owing  to  the  fact  that, 
in  the  sitting  position,  the  pressure  of  the  fluid  causes  descent  of  the  dia- 
phragm and  increases  the  area  of  the  resounding  space. 
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hr.    Metallic  Somids  Over  the  has^ 

The  characters  of  these  metallic  sounds  have  been  described  above. 

A  metallic  ring  is  heard  on  percussion  over  the  thorax:  (1)  in  pneu- 
mothorax; and  (2)  over  large,  smooth-walled  cavities  (diameter  of  4  cm." 
and  more).    The  "coin  sound"  is  a  metallic  ring. 

The  cracked-pot  sound  may  be  heard  on  percussion  (1)  over  superficial 
cavities  that  coramunici^te,.  through  a  narrow,  opening,  with  the  bronchi, 
and  (2)  sometimes  over  relaxed  and  infiltrated  lung  tissue.  The  cracked- 
pot  sound  is  best  elicited  when  the  patient  holds  his  mouth  open;  the 
examiner's  ear  or  the  bell  of  the  stethoscope  should  be  held  close  to  the. 
open  mouth. 

S.    Auscultation  of  the  Lun^s 

In  health,  and  in  disease,  various  sounds  arise  within  the  body;  by 
listening  to  these  (auscultation) j  we  can  draw  certain  inferences  regarding 
the  structure,  or  the  conditions,  of  the  organs  in  which  they  arise. 

On  auscultation  of  the  lungs  we  listen  to  (1)  the  voice  sounds  audible 
over  the  thorax;  and  (2)  the  sounds  that  accompany  inspiration  and 
expiration. 

We  listen  either  (1)  with  the  naked  ear  separated  from  the  chest  wall  ? 
by  a  Ihin  tpwel  (immediate  ascultation)^  or  (2)  with  the  aid  of  a  stetho-' 
scope  (mediate  auscultation).  J 
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The  voice  sounds  are  better  heard  with  the  naked  ear  than  with  the  aid 
of  a  stethoscope,  bnt  the  breath  sounds,  and,  especially,  some  of  the  modi- 
fications that  these  undergo  in  disease,  as  well  as  some  of  the  sounds 
that  accompany  them,  are  better  recognized  and  localized  by  the  use  of 
the  stethoscope. 

On  examining  the  front  of  the  chest,  the  stethoscope  is  better  than  the  naked 
ear,  for  obvious  reasons.  On  the  other  hand,  the  ear  applied  directly  to  the  chest 
is  often  most  useful  in  examining  the  back. 

In  patients  that  are  very  ill,  lying  on  their  backs  in  bed,  and  especially  when 
they  are  very  heavy,  a  Bowles  stethoscope  may  be  found  convenient,  since  it  per- 
mits of  a  more  extensive  examination  with  less  change  of  position  than  other 
forms  in  use.  For  ordinary  work,  the  Ford  stethoscope  is  a  good  model.  In 
some  countries,  the  monaural  wooden  stethoscope  is  still'  highly  prized;  in  North 
America,  the  binaural  stethoscope  is  everywhere  in  use  and  a  monaural  instru- 
ment is  rarely  employed. 


(a)    Auscultation  of  the  Voice  Sounds  Over  the  Thorax 

In  practice,  one  begins  the  auscultation  of  the  chest  by  listening  to  the 
breath  sounds,  and  then  afterwards  listens  to  the  voice  sounds;  but  in  a 
systematic  consideration 'of  thoracic  auscultation  it  is  better  to  approach 
the  subject  by  way  of  the  voice  sounds,  since  their  origin  is  much  better 
understood. 

In  studying  the  voice  sounds  we  have  to  consider,  first,  their  oripn, 
and  next  the  changes  that  they  undergo  on  conduction  through  the  air 
passages  and  the  lungs  to  the  chest  walL 

L    OrkEm  ot  the  Voice  Sounds 


Here  two  processes  play  important  parts :  (1)  the  production  of  funda- 
mental tones  in  the  larynx,  wh€?re  the  vocal  cords  of  the  glottis  act  like  a 
reed  instrument;  and  (2)  the  process  of  articulation,  in  which  the  different 
tones  produced  in  the  larynx  are  modified  by  changes  in  shape  of  the  mouth 
cavity,  and  adjacent  cavities,  the  larynx  itself  being  wholly  unable  to 
articulate.  The  mouth  cavity,  in  association  with  the  laryngeal  and  nasal 
cavities,  constitutes  a  resonating  chamber.  As  such,  it  intensifies  that 
particular  tone  or  overtone  of  the  sound  produced  in  the  larynx  the  wave- 
length of  which  corresponds  in  resonance  to  the  dimensions  of  the  cavity. 
Variations  in  the  shape  of  the  cavity  wiU  modify  its  function  as  a 
resonating  chamber  in  that  it  will  vibrate  in  unison  with  notes  of  different 
wave-length  or  pitch.  Thus,  through  changes  in  the  resonating  chamber, 
different  overtones  may  be  intensified  or  weakened  and  corresponding 
changes  in  the  voice  sounds  produced.  In  whispering,  there  is  articulation 
of  the  breath  sounds  only,  the  glottis  being  passive  and  giving  rise  to  no 
loud  tones. 
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u.    ChmieB  in  die  Voioe  Sounds  After  Their  Formation 

These  sound  waves  of  the  "glottis,  articulated  by  the  mouth,  pass  back- 
ward through  the  narrow  glottis  into  the  trachea,  and  thence,  through  the 
bronchi,  to  the  deieper  portions  of  the  lung.  Owing  to  the  fact  that  the 
current  of  air  is  in  the  opposite  direction  and  that  the  articulated  tones  are 
eompelled  to  pass  through  the  narrow  opening  of  the  glottis,  the  sound 
waves  that  pass  down  the  trachea  are,  on  the  way,  somewhat  altered. 
Beyond  the  bifurcation  of  the  trachea,  the  sound  waves  spread  through  the 
diverging  ramifications  of  the  bronchi;  the  sounds  become  weak  and 
mujSBed,  probably  owing  to  the  diminution  in  the  rigidity  of  the  tubes  and 
to  the  increased  conduction  of  the  vibrations  away  from  the  air  columns 
by  the  tissues,  owing  to  the  increased  surface  exposed  to  the  sound  waves. 
The  lung  tissue  in- its  natural  distended  state  is  such  a  bad  conductor  that 
the  sounds  in  the  large  bronchial  tubes  are  not  audible  over  the  thoracic 
wall 

iSL    Voice  Sounds  Aodible  Over  the  Thorax  in  Healthy  Persona 

Now  when  one  listens  to  the  voice  sounds  over  the  healthy  lung  of  a 
person  pronouncing  the  number  "99*'  in  a  voice  of  low  pitch,  the  sounds 
audible  are  nearly  everywhere  weak  and  muffled  (normal  voice  sounds) ^ 
instead  of  being  loud  pnd  clear  like  those  audible  over  the  larynx.  In 
women  and  chilfiren,  indeed,  voice  sounds  may  not  be  audible  at  all  over  a 
large  part,  of  the  chest.  In  many  healthy  persons,  however,  quite  loud 
and  relatively  clear  voice  sounds  are  audible  in  the  back  over  the  spinous 
processes  of  the  upper  thoracic  vertebrae  (opposite  the  trachea  and  the 
bifurcation  of  the  bronchi).  When  loud,  clear  voice  sounds  are  audible 
directly  over  the  bronchi  of  the  healthy  chest,  the  condition  is  known  as 
bronchophony,  the  term  bronchophony  including  such  sounds  audible  in 
health  and  all  degrees  of  clearness  greater  than  this  in  disease  when  the 
voice  sounds  audible  over  the  thorax  may  become  almost  as  loud  and  clear 
as  those  audible  over  the  larynx  (pathological  bronchophony).  It  has  been 
the  practice  of  many  clinicians  to  use  the  term  vocal  resonance  when  de- 
scribing the  voice  sounds  audible  over  the  thorax;  this  is  unfortunate,  for 
resonance  has  very  little  to  do  with  the  origin  of  the  sounds,  either  in 
health  or  in  disease,  and  the  term  vocal  resonance  should,  therefore,  in  my 
opinion,  be  discarded. 

!¥•    Cou|piln|{  Sounds  and  Cryini  Sounds 

What  applies  to  the  voice  applies  also  to  the  cough  and  the  cry.  One 
has  to  depend  upon  these  sounds  rather  than  upon  the  voice  sounds  on 
making  the  ph|;rsical  examination  of  the  chest  in  young  children* 
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V.    Abnonnaliiies  ot  (he  Vcrice  Sooodfl  Andible  Over  (he  Thorax 

The  voice  sounds  audible  over  the  chest  may  be  either  feebler  and  less 
distinct,  or  louder  and  more  distinct,  than  normal.  We  pay  attention^ 
however,  to  clearness  or  distinctness  rather  than  to  loudness  of  the  sounds, 
since  distinctness  and  loudness  are  often  opposed  to  one  another,  and  it  is 
the  former  that  is  important  for  diagnosis  rather  than  the  latter. 

Diminished  clearness  6t  distinctness  of  the  voice  sounds  is  of  little 
value  for  clinical  diagnosis.  Since,  normally,  the  sounds  are  muffled  and, 
in  some  persons,  wholly  inaudible,  unless  one  note  that  the  sounds  have 
become  less  clear  where  formerly  they  were  more  distinctly  heard,  but  little 
attention  need  be  paid  to  the  sign.  Occlusion  of  the  bronchi  is  the  most 
common  cause  of  such  diminution  of  distinctness ;  other  causes  include  (1) 
f)Ieural  effusion,  (2)  thickened  pleura,  and  (3)  large  masses  of •  fat  or 
muscle  between  the  skin  and  the  lungs. 

Increased  clearness  or  distinctness  of  the  voice  sounds  (pathological 
bronchophony)  is  the  term  applied  when  sounds  as  clear  as,  or  clearer  than, 
those  heard  over  the  upper  thoracic  spine  in  health  are  met  with  in  any 
other  part  of  the  chest,  since  nowhere  else  are  they  normally  present  The 
phenomenon  is  due  either  to  increased  conducting,  or  to  increased  reflecting 
power,  of  the  lung  tissue.  The  conducting  power  of  the  spongy  structure 
of  the  lung  is  increased  by  any  change  that  makes  the  lung  structure 
more  homogeneous.  Thus  the  lung  becomes  more  homogeneous  (1)  when 
it  becomes  more  solid  (infiltration,  collapse,  neoplasm,  compression),  or 
(2)  when  it  contains  more  air  (cavities  from  bronchiectasis,  tuberculosis, 
or  gangrene;  marked  emphysema).  When  cavities  exist,  there  is  increased 
reflection  of  the  sound  waves  in  addition  to  the  improved  conduction.  In 
normal  alveolar  tissue,  reflection  of  sound  practically  ceases,  but,  in 
cavities,  reflection  of  the  waves  may  be  as  great  as  in  normal  bronchi.  In 
large  smooth-walled  cavities,  the  reflection  may  be  so  great  as  to  yield  a 
highly  reverberating  character  to  the  voice  sounds  (cavernous  voice 
sounds). 

Whispered  bronchophony  is  sometimes  clearer  than  that  of  the  voice. 
The  terms  pectoriloquy,  and  whispered  pectoriloquy,  are  sometimes  ap- 
plied when  the  sounds  are  very  clear,  apparently  close  to  the  ear,  and 
exactly  circumscribed.  It  is  maintained  by  Baccelli  that  clear  pleural 
exudates  conduct  the  whispered  voice  (voce  afona)  better  than  exudates 
rich  in  cells  (e.  g.,  in  empyema).  Too  much  stress  should  not,  however,  be 
laid  upon  ^^Baccelli's  sign." 

A  special  kind  of  bronchophony  known  as  egophony  is  sometimes  heard 
above  the  level  of  the  fluid  in  large  pleural  effusions  that  cause  partial 
compression  and  narrowing  of  the  bronchi.  The  voice  sounds  have  a 
inore  nasal  quality  than  is  usual ;  there  is  an  echoing  quality  to  the  sound 
^nd  it  is  rhythmically  intensified  and  interrupted.     The  term  egophony 
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was  applied  by  Laennec  to  indicate  the  similarity  of  the  sound  to  that  of 
the  bleating  of  a  goat ;  he  also  compared  the  sound  to  the  voice  of  Punch. 

Over  large  cavities  containing  air,  and  especially  over  a  pneumothorax, 
the  voice  sounds  may  have  an  amphoric,  metallic,  ringing  quality 
(ampharophony). 

Auscultation  of  the  voice  sounds  yields  information  comparable  in 
large  part  to  that  aflForded  by  palpation  of  the  vocal  fremitus ;  when  the 
voice  is  not  strong  enough  or  deep  enough  to  yield  a  palpable  fremitus, 
auscultation  of  the  sounds  may  give  information  not  otherwise  obtainable. 

(b)    AMiBCMittation  of  the  Breath  Sounds  Over  the  Thorax 

During  respiration,  the  breath  sounds  (inspiratory  and  expiratory)  are 
audible  over  the  lungs.  When  one  listens  over  the  larger  air  tubes,  a 
certain  quality  is  present  that  is  absent  when  one  listens  over  the  alveolar 
masses  of  the  lung.  The  former  type  is  called  bronchial  breathing,  and 
the  latter  vesicular  breathing. 

In  diseased  states,  owing  to  the  secretion  of  mucus,  to  swelling  of  the 
bronchial  mucous  membrane,  or  to  fibrinous  exudation  upon  the  surfaces 
of  the  pleurae,  certain  accessory  or  adventitious  sounds  arise  (rales,  crepita- 
tion, friction  sounds),  distinguishable  from  the  actual  breath  sounds. 

i.    Vesiciilar  Breathinit 

On  inspiration,  a  soft  blowing  murmur  is  audible  over  the  healthy 
lung  and,  on  expiration,  either  no  sound  at  all,  or  a  feeble  blowing  or 
aspirating  sound  can  be  heard ;  these  sounds  are  those  of  normal  vesicular 
breathing.  The  inspiratory  sound  can  be  imitated  by  placing  the  mouth 
and  lips  in  the  position  of  articulating  the  letter  /  and  drawing  in  air ;  the 
expiratory  sound  can  be  simulated  by  driving  out  air  with  the  lips  in  the 
same  position. 

Origin  of  Venenlar  Breathing. — There  has  been  much  dispute  as  to  the 
origin  of  the  normal  inspiratory  and  expiratory  breath  sounds.  Many  have  been 
attracted  by  the  view  that  the  glottis  is  the  only  source  of  the  breath  sounds.  The 
passage  of  the  inspired  and  of  the  expired  air,  through  the  narrow  glottis,  into 
wider  spaces  above  and  below  it  gives  rise  to  "fluid  veins" ;  the  sounds  thus  arising, 
modified  by  resonance  in  the  pharynx  above  and  in  the  trachea  below,  are  con- 
ducted  down  the  air  tubes,  just  as  the  voice  sounds  are  carried  {vide  supra). 
Owing  to  the  bad  conducting  quahties  of  alveolar  tissue,  the  glottidean  soimd  is 
converted  into  the  inspiratory  and  the  expiratory,  vesicular  breathing,  while,  over 
the  larger  bronchi,  the  glottidean  sound  approaches  its  primary  intensity  and 
qoaUty  (bronchial  breathing).  More  recent  study  and  criticism  indicate,  however, 
tiiat,  though  the  above  explanation  probably  holds  for  the  expiratory  part  of 
vesicular  breathing,  it  is  inadequate  fully  to  explain  the  origin  of  the  inspiratory 
sound.  The  tendency  at  present  is  to  accept  the  view  of  Oerhardt,  who  assumes 
that,  during  inspiration,  there  are  actual  vibrations  of  the  alveolar  lung  tissue, 
which  is  made  tense  by  the  entrance  of  the  air.     Oerhardt  grants  that  the  very 
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feeble,  scarcely  andible,  sound  of  expiration  is  a  bronchial  sound  weakened  by  the 
alveolar  tissue. 

Variations  in  the  Breath  Sounds  in  the  Normal  Chest. — The  inspira^ 
tory  and  expiratory  breath  sounds  just  described  are  audible  over  the 
whole  chest,  though  the  intensity  varies  (1)  with  the  depth  of  the  respira- 
tions, and  (2)  with  the  condition  of  the  lung  over  which  one  listens. 

The  breath  sounds  are,  normally,  loudest  just  beneath  the  clavicles, 
where  the  thoracic  walls  are  thin  and  where  the  pulmonary  tissue  is  best 
ventilated ;  over  the  apices,  the  soimds  are  feebler.  When,  on  auscultation 
over  a  definite  area  of  the  chest  wall,  one  hears  pure  vesicular  breathing, 
it  is  fair  to  conclude  that  air-containing  tissue  lies  beneath  this  area  and 
participates  in  respiration. 

Modifications  of  Vesicular  Breathing  in  Disease. — Clinically,  one  has 
to  observe  whether  the  vesicular  breathing  is  of  normal  intensity,  is  abnor- 
mally loud  (accentuated),  or  is  abnormally  weak  (enfeebled). 

Loud,  or  accentuated,  vesicular  breathing,  or  roughened  breathing,  is 
met  with  normally  in  children,  and  is  hence  often  spoken  of  as  pueeilb 
BREATHING,  the  air  on  inspiration  entering  the  very  elastic  child's  lung 
with  greater  force ;  this  puerile  breathing  is  often  audible  during  adoks- 
cence,  for  a  longer  period  in  girls  than  in  boys. 

When  such  roughened  breathing  is  heard  over  a  part  of  the  lung  in  the 
adult,  it  may  indicate  obstruction  to  the  entrance  of  air  into  some  part  of 
the  lung  other  than  that  where  the  roughened  breathing  is  heard ;  thus  it  is 
often  audible  in  the  neighborhood  of  infiltrated  areas,  especially  at  the 
apex,  in  incipient  pulmonary  tuberculosis,  and  in  healthy  lung  close  to  a 
consolidating  area,  at  the  beginning  of  pneumonia. 

Sometimes  there  is  prolongation  of  the  expiratory  sound  of 
vesicular  breathing  so  that  this  becomes  as  long  as,  or  even  longer  than, 
the  inspiratory  sound.  This  change  is  met  with  sometimes,  normally,  in 
the  supraspinous  fossae.  The  expiratory  sound  may  also,  normally,  be  a 
little  longer  over  the  right  apex  than  over  the  left.  Elsewhere,  a  pro- 
longation of  the  expiratory  part  of  the  vesicular  breath  sounds  usually 
indicates  an  expiratory  dyspnea  (emphysema,  asthma,  bronchitis),  if  the 
distribution  be  general ;  or  a  beginning  infiltration,  if  it  be  locaL 

If  the  inspiratory  sound,  instead  of  being  continuous,  be  interrupted  so 
as  to  consist  of  two  or  more  parts,  the  inspiration  assumes  a  jerking,  or 
saccadate  character  (cog-wheel  breathing).  Assuming  that  the  mus- 
cular contractions  are  smoothly  an3  evenly  made  during  inspiration,  such 
jerking  breathing  occurs  when  local,  quickly  yielding,  obstructions  to  the 
entrance  of  the  air  current  into  the  alveoli  are  temporarily  overcome.  The 
sign  has  been  looked  upon  as  of  importance  for  the  diagnosis  of  beginning 
apical  tuberculosis.  Too  much  stress  should  not,  however,  be  laid  upon  it, 
since  it  is  often  met  with  in  persons  of  feeble  musculature,  in  nervous 
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people,  md  in  chUdren  after  crying.  This  sign  has  also  been  observed  in 
insufficiency  of  the  pulmonary  valves  of  the  heart;  here  it  seems  to  be  duo 
to  the  fact  that  the  sudden  regurgitation  of  blood  into  the  right  ventricle 
during  diastole  gives  rise  to  a  phenomenon  in  the  pulmonary  capillaries 
comparable  with  the  capillary  pulse  that  appears  in  the  general  circulation 
in  aortic  insuflSciency. 

Enfeeblement,  or  suppeession  of  vesioiti-ab  breathing,  occurs  when- 
ever the  inspiratory  expansion  of  the  lungs  is  interfered  with.  When 
bilateral,  it  may  be  due  to  tracheal  or  laryngeal  obstruction,  or  to  emphy- 
sema. More  often,  it  is  unilateral,  in  which  case  it  may  be  due  to:  (1) 
obstruction  of  a  large  bronchus  (fibrinous  bronchitis,  aortic  aneurism^ 
fibrosis^$L.{2)  to  separation  of  the  lung  from  the  chest  waU  in  pleurisy, 
hydrothonux.or  pneumothorax ;  the  vesicular  breath  sounds  may  be  entirely 
absent  ai>er  large  pleuritic  effusions;  or  (3)  to  the  prevention  of  deep 
inspiration  from  pain,  especially  from  the  pain  due  to  pleuritic  involve- 
ment over  the  affected  lobe  at  the  beginning  of  an  infiltration  in  lobar 
pnemnonia. 

iL    Bronchial  Breathinit 

The  peculiar  character  of  bronchial  breathing  is  best  learned  by  listen- 
ing to  it.  It  is  difficult  adequately  to  describe  it.  It  has  an  aspirate 
character  and  may  be  artificially  imitated  by  making  the  lips  and  mouth 
assume  the  attitude  used  in  pronouncing  h  or  ch  and  then  forcibly 
breathing  in  and  out. 

Bronchial  Breathing  Audible  Over  the  Normal  Thorax. — Such  bron- 
chial breathing  is  audible  even  in  healthy  persons  over  the  spinous  proc- 
ess of  the  7th  cervical  vertebra,  corresponding  to  the  position  of  the  bifur- 
cation of  the  trachea ;  it  can  also  be  heard,  close  to  the  spine^  in  the  inter- 
costal spaces  down  as  far  as  the  spinous  process  of  the  5th  thoracic  vertebra, 
since,  here,  the  larger  bronchi  lie  near  the  surface.  Still  louder  and  more 
intense  sounds  are  audible,  normally,  over  the  trachea  (tracheal  breathing), 
and  over  the  larynx  (laryngeal  breathing). 

The  sounds  arise,  chiefly,  in  the  glottis ;  they  are  due  to  liquid  veins, 
which  arise,  below  and  above  this  narrow  slit,  on  inspiration  and  on 
expiration.  The  air  in  the  trachea  and  bronchi  is  set  into  vibration  so 
that  a  clanglike  sound  is  produced  by  the  air  tubes,  which,  like  organ 
pipes,  are  attuned  to  a  certain  fundamental  tone. 

Thus,  the  inspiratory  sound  arises  when  air  passes  from  the  choanae 
into  the  nasopharynx  and  from  the  glottis  into  the  larger  laryngeal  cavity 
and  into  the  trachea ;  and  the  expiratory  sound  arises  when  the  air  passes 
through  the  glottis  into  the  supraglottidean  portion  of  the  larynx.  The 
loudness  of  bronchial  breathing  is  not  important.  It  is  the  special  quality 
«f  the  sound — the  aij^rating,  hollow  or  reverberating  character — ^that  is 
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peculiar,  and  this  is  often  as  well  marked  when  the  sounds  are  weak  as 
when  they  are  loud.  Especial  attention  should  be  paid  to  the  expiratory 
portion  of  the  sound;  in  tubular  breathing  this  approaches  the  inspira- 
tory sound  in  intensity;  its  duration  is  abnormally  great;  and  it  often 
manifests  the  special  quality  better  than  inspiration.  But  this  is  not 
always  so,  for  the  expiration,  though  usually  prolonged,  is  sometimes 
wholly  inaudible. 

r  Pathological  (or  Accidental)  Bronchial  Breathing. — In  disease,  bron- 
ebial  breathing  appears  in  places  where,  normally,  it  is  not  audible ;  it  is 
tjieii  :diie,  as  a  rule,  (1)  to  gbliteration  of  the  normal  damping  by  the 
alveolar  structure  of  the  lung  (from  solidification  due  to  collapse  or  to 
infiltration),  or  (2)  to  destruction  of  alveoli  with  cavity  formation.  In 
both  cases,  it  is  the  sounds  in  the  larger  air  passages  that  become  au- 
dible ;  thus,  in  cavity  formation,  these  sounds  will,  obviously,  be  conducted 
better  from  the  bronchial  tubes  to  the  chest  wall,  and  in  consolidation  of 
the  lung,  the  solid  tissue  gives  a  better  support  to  the  bronchial  walls 
than  under  normal  conditions  and  the  sounds  are  then  better  maintained 
and  more  easily  conducted  to  the  surface  than  they  are  through  air-con- 
taining tissue.  Solid  tissue  acts  also  as  a  resonator  so  that,  in  consoli- 
dation, the  bronchial  sounds  undergo  an  actual  intensification.  Over 
hepatized  lung,  the  broiichial  breathing  is  sometimes  characterized  by  a 
well-marked  whiflfing  quality  (tubular  bbeathing),  but  how  this  special 
quality  is  acquired  is  not  known. 

The  solidifications  of  the  long  over  which  pathological  bronchial  breathing 
becomes  audible  include:  (1)  infiltrations  (due  to  pneumonia,  tuberculosis,  or 
hemorrhagic  infarction) ;  (2)  compression  (behind  pleural  exudates,  tumors,  etc) ; 
and  (3)  atelectasis.  The  solid  areas,  in  order  to  yield  pathological  bronchial 
breathing,  must  have  a  diameter  of  at  least  1.5  cm.  and  must  then  either  be  near 
the  surface,  or  be  connected  with  it  by  means  of  a  good  sound-conducting  medium; 
pioreover,  the  communicating  bronchi  must  be  open. 

The  cavities  arising  from  the  destruction  of  air  sacs,  over  which  pathological 
bronchial  breathing  may  become  audible,  include:  (1)  bronchiectatic  cavities; 
(2)  tuberculous  cavities;  and  (3)  larger  emphysematous  cavities.  The  communi- 
cating bronchi  must  be  open,  and  the  cavities  must  be  near  the  surface,  or  must 
communicate  with  it  by  sound-conducting  media. 

t  Thus,  the  two  principal  causes  of  pathological  bronchial  breathing, 
namely,  (1)  solidifications  and  (2)  cavities,  are  also  the  two  main  causes 
of  pathological  bronchophony  {vide  supra). 

Bronchial  breathing  of  metallic  character,  or  with  amphoric  echo,  may 
be  audible  over  cavities  when  the  conditions  are  those  in  which,  on  percus- 
Bion,  metallic  sounds  arise  (vide  supra),  metallic  bronchla.l  beeath- 
ING  is  characterized  by  the  addition  of  high  pitched  overtones  of  long  dura- 
tion, while  in  the  amphoric  echo  one  hears  a  metallic  clang  with  very  deep 
fundamental  tone.    The  latter  can  be  imitated  by  blowing  over  an  empty 
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wide-mouthed  bottle  or  jar.  Metallic  breathing,  and  amphoric  echo  or 
hum,  when  heard,  indicate  the  presence  either  of  a  large  cavity,  or  of  a 
pneumothorax,  being  observable  in  the  latter  especially  when  there  is  a 
wide  fistula  connecting  the  pneumothorax  with  a  large  bronchus. 

iiL   Mixed  BreadiiafE,  Bronchovesiciilar  Breathm|{,  and  Indefinite  Respiration 

In  certain  areas  one  sometimes  hears  bronchial  breathing  and  vesicular 
breathing  simultaneously,  sometimes  one  component,  sometimes  the  other, 
being  dominant.  This  is  often  referred  to  as  mixed  breathing,  or  bronchch 
Tesicnlar  breathing.  It  arises  where  the  conditions  for  the  occurrence  of 
bronchial  breathing  and  of  vesicular  breathing  exist  alongside  one  another 
and  where,  accordingly,  neither  of  these  tjT)es  of  breathing  is  audible  in  a 
pure  state.  Thus  it  may  be  met  with  in  beginning,  or  in  incomplete, 
infiltration  of  the  lung  tissue,  especially  where  small  foci  of  solidification 
alternate  with  areas  of  air-containing  tissue  (e,  g,,  in  tuberculosis,  in 
diffuse  infiltration,  and  in  bronchopneumonic  foci). 

The  so-called  indefinite  breathing  (unbestimmtes  Atmen  of  the  Ger- 
mans) is  usually  such  mixed  breathing,  though,  in  some  instances,  it  is 
enfeebled  vesicular  breathing,  or  weak  bronchial  breathing.  Thus,  over 
pleuritic  exudates  or  when  loud  rales  are  present,  the  respiratory  murmur 
may  be  so  feeble  that  one  cannot  distinctly  recognize  its  character.  In 
slowly-developing  infiltrations  of  the  lung,  the  first  change  noticeable  in 
the  breath  sounds  is,  often,  a  lengthening  and  roughening  (or  sharpening) 
of  the  expiration  following  normal  vesicular  inspiration.  Later,  the  in- 
spirium  becomes  indefinite  while  the  expirium  assumes  a  bronchial  char- 
acter; finally,  when  the  area  is  wholly  deprived  of  air,  the  inspiratory 
sound  also  becomes  bronchiaL 

In  both  bronchial  breathing  and  mixed  breathing  one  should  note 
whether  the  sound  is  loud  or  feeble.  Feeble  bronchial  breathing  is  often 
heard  behind  a  pleuritic  exudate  and  may  be  due  either  to  pneumonic 
infiltration,  or  to  simple  collapse  from  compression  by  the  exudate. 

By  metamorphosing  breathing  is  meant  the  form  in  which  the  breath 
sound  audible  during  inspiration  suddenly  changes  in  character.  Usu- 
ally, it  begins  with  a  sharp  hissing  sound  and  then  changes  to  a  softer 
bronchial  breathing.  It  was  described  by  Skoda  as  a  "veiled  puff"  and  is 
probably  identical  with  the  souffle  voile  of  Laennec.  It  is  believed  that  it 
is  due  to  the  sudden  removal,  at  a  certain  stage  of  inspiration,  of  some 
obstruction  to  the  passage  of  air  through  a  bronchus  that  communicates 
with  a  cavity. 

iv.    Accessory  or  Adventitioiis  Respiratory  Sounds  AndiUe  in  Disease 

In  addition  to  the  natural  breath  sounds  (vesicular  and  bronchial 
breathing)  and  the  changes  these  undergo  in  disease^  certain  sounds  arising 
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inside  and  outside  the  lung,  wholly  additional  to  those  described  above, 
must  now  be  considered.  Of  such  adventitious  respiratory  sounds,  we 
distinguish  two  great  groups,  (1)  rales,  or  crackles;  and  (2)  friction 
sounds. 

Bales;  Crackles;  Rhonchi 

These  are  sounds  that  arise  during  respiration  from  movements  of 
abnormal  contents  of  the  air  passages  by  the  air  breathed.  They  may  arise 
(1)  from  the  presence  of  fluid  (mucus,  serum,  blood,  etc.)  in  bronchi  and 
in  cavities,  leading  to  the  formation  of  air  bubbles  that  break;  (2)  from 
the  movement  of  different  masses  of  mucus  or  secretion;  (3)  from  the 
sudden  separation  of  sticky  mucous  membranes;  and  (4)  from  the  passage 
of  air  through  abnormal  local  narrowings. 

These  sounds  may,  in  intensity,  be  loud  or  feeble,  in  frequency,  nu- 
merous or  few ;  they  are  most  often  inspiratory  in  time,  though  they  may 
occasionally  be  audible  during  expiration  (rhonchi  particularly).  On 
testing  for  the  presence  of  rales,  one  listens  while  the  patient  is  asked  to 
take  a  deep  breath  or  to  cough.  It  is  important  to  notice  whether  the 
rales  disappear  or  are  modified  on  coughing.  We  divide  rales  into  two 
great  groups:  (1)  dry  rales,  and  (2)  moist  rales. 

Dry  B&les,  or  Bhonohi. — These  are  rather  long,  whistling  or  snoring 
sounds  that  die  away  slowly.  They  are  due  to  the  vibration  of  tough 
mucus  attached  to  the  walls  of  the  bronchi,  or  to  the  passage  of  the  air 
through  lumina  narrowed  by  spasm  of  the  bronchioles  or  by  swelling 
of  their  mucous  membrane.  They  are  often  accompanied  by  palpable 
vibration  of  the  chest  wall.  The  sounds,  when  low  pitched,  have  a  snoring 
character  (sonorotts  rhonchi)  ;  when  high  pitched,  they  are  more  whistling 
or  piping  in  character  {sibilant  rhonchi).  The  sonorous  rhonchi  prob- 
ably arise  in  the  larger  tubes,  the  sibilant  in  the  smaller  tubes. 

Moist  Sales. — These  sounds  arise  when  fluid  is  present  in  the  air 
passages.  They  are  crackling  or  bubbling  sounds  that  resemble  the  noises 
produced  in  bubbling  fluids,  and  they  may  be  very  well  imitated  by  blow- 
ing into  a  glass  of  water  through  straws  of  different  sizes.  In  contrast 
with  the  more  continuous,  chiefly  expiratory,  sounds  described  above  as 
sibilant  and  sonorous  rhonchi,  these  moist  rales  are  interrupted,  bubbling 
or  crackling  sounds,  heard  chiefly  during  inspiration. 

The  moist  rales  are  sometimes  classified  according  to  the  apparent  size 
of  the  bubbles  or  crackles,  the  larger  bubbles  being  known  as  gurgling 
rales,  those  next  in  size  as  medium  sized  bubbling  rales  or  crackles,  and 
those  of  smaller  size  as  fine  crackles,  or  as  subcrepitant  and  crepitant 
rales.  The  sound  of  the  so-called  crepitant  rale  can  be  very  well  imitated 
by  rubbing  a  lock  of  the  hair  between  the  fingers  close  to  the  ear,  or  by 
separating  the  moistened  surfaces  of  the  thumb  and  forefinger  when  in 
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contact  beside  the  ear.  These  sounds  are  not  unlike  the  sounds  of  salt 
crackling  in  a  fire,  or  of  the  sizzling  of  soda  water.  Such  crepitation  con- 
sists of  numerous  small  crackling  sounds  of  even  size,  heard  chiefly,  and 
usually  exclusively,  during  inspiration.  It  is  met  with  in  pneumonia  in 
the  stage  of  engorgement  (crepitatio  indux)  and  also  in  the  stage  of  resolu- 
tion (crepitatio  redux).  It  may  also  be  heard  in  pulmonary  edema,  and 
in  atelectasis  where  some  of  the  collapsed  alveolar  walls  or  walls  of  minute 
bronchioles  are  torn  apart  by  entering  air  currents.  In  feeble  patients, 
and  during  convalescence  from  severe  disease,  one  often  hears,  on  examina- 
tion, such  crepitation  in  the  lower  and  posterior  parts  of  the  lung  during 
the  first  deep  inspirations  taken. 

The  crepitant  rale,  no  matter  in  what  condition  it  is  met  with,  is 
believed  to  be  due  to  the  opening  up  of  collapsed  air  sacs  or  minute 
bronchioles;  occasionally,  it  may  be  a  very  fine  mucous  rale.  It  is  dis- 
tinguishable from  other  moist  rales  (1)  chiefly,  by  the  short  duration, 
or  small  size,  of  each  of  the  successive  crepitations;  and  (2)  by  the  large 
number  of  crepitations  attending  each  inspiration. 

Small  mucous  rales  approaching  the  crepitant  rale  in  duration  and 
in  size  are  sometimes  called  subcrepitant  rales. 

Binging  (or  Oonsonating)  and  Non-ringing  (or  Non-consonating) 
Bales. — ^Rales  that  seem  to  be  close  to  the  ear  and  to  be  attended  by  a  cer- 
tain clang  (not,  however,  an  outspoken  metallic  sound)  that  does  not  ac- 
company ordinary  rales  are  said  to  be  "ringing"  or  ^^consonating"  rales. 
Th^e  are  usually  rather  large,  bubbling  sounds,  arising  in  a  cavity  or  in 
a  larger  bronchus,  and  well  propagated  to  the  surface  through  infiltrated 
lung  tissue;  the  higher  tones  are  strengthened  through  resonance  in  the 
bronchi.  When  air-containing  tissue  lies  between  the  cavities  or  bronchi 
in  which  the  rales  arise  and  the  wall  of  the  thorax,  the  rales  are  not 
ringing  or  consotiating.  This  ringing  character  of  a  rale  is  therefore  of 
considerable  diagnostic  importance  in  infiltrations  of  the  lung.  Oonso- 
nating rales  occur  under  the  same  conditions  in  general  as  does  bronchial 
breathing;  they  sometimes  help  us  out  in  diagnosis  when  the  breath  sounds 
are  indefinite  (e.  gr.,  over  small  bronchopneumonic  foci). 

(Jerhardt  suggests  that  the  difference  in  sound  between  consonating 
and  non-consonating  rales  can  be  well  imitated  by  blowing  through  a 
glass  tube  into  water,  contained,  in  the  one  case  in  a  high  glass  or  bottle, 
in  the  other  in  a  flat  saucer  or  soup-plate. 

Metallic  Ringing  Bales. — These  occur  under  conditions  similar  to  those 
in  which  a  metallic  clang  on  percussion  and  metallic  bronchial  breathing 
{q.  17.)  occur.  They  have,  accordingly,  the  same  significance,  indicating 
either  cavities  in  the  lung  or  a  pneumothorax. 

A  special  sound  to  be  considered  here  is  the  so-called  metallic  tinkling, 
or  sound  of  the  falling  drop,  first  alluded  to  by  Thomas  Willis.  It  was 
compared  by  Laennec  to  the  sound  produced  in  a  metal  or  a  porcelain  cup, 
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when  it  is  struck  gently  by  a  pin.  It  is  a  single  souild,  tolerably  constant 
on  coughing,  a  little  less  constant  on  speaking;  with  the  breath  sounds, 
it  is  usually  heard  intermittently,  not  accompanying  each  respiratory 
movement.  The  patient  may  sometimes  hear  it  himself.  It  occurs  most 
often  in  pyopneumothorax,  or  in  large  tuberculous  cavities ;  and  it  appears 
to  be  due  to  a  large  drop  falling  upon  the  wall  of  the  cavity  or  upon  the 
surface  of  its  fluid  content,  though,  sometimes,  it  may  be  due  to  the 
bursting  of  a  bubble.  The  relatively  low  pitched  sound  heard  at  first  is 
followed  by  a  high,  harmonic  or  "metallic"  echo;  smooth  walls  and  a 
resonating  cavity  are  prerequisites  to  such  a  sound. 

Cardiopneumatic  murmurs,  or  cardiac  rales,  are  referred  to  in  the 
section  dealing  with  Diseases  of  the  Heart. 


Pleural  Friction  Sounds 

These  arise  during  respiration  from  the  rubbing  together  of  the  pleural 
surfaces,  roughened  by  fibrinous,  inflammatory  exudates. 

They  arise  most  often  between  the  costal  pleura  and  the  pulmonary 
pleura,  but  they  may  arise  between  the  pulmonary  pleura  and  the  medi- 
astinal pleura,  or  between  the  pulmonary  and  the  diaphragmatic  pleura. 
The  sounds  may  be  fine  (soft,  aspirative),  or  coarse  (scratching,  creak- 
ing) ;  and  they  may  be  loud  (intense),  or  feeble. 

The  softer,  gentler  friction  sounds  may  sometimes  be  confused  with 
vesicular  breathing ;  the  coarser,  crackling  friction  sounds  may  occasion- 
ally be  mistaken  for  rales.  The  pleural  friction  sounds  can,  however, 
generally  be  recognized  as  such,  if  one  bear  the  following  facts  in  mind : 
(1)  they  seem  close  to  the  ear;  (2)  they  are  intensified  by  pressure  of 
the  stethoscope;  (3)  they  are  often  accompanied  by  a  palpable  friction 
fremitus;  (4)  they  do  not  disappear,  nor  are  they,  as  a  rule,  much  modi- 
fied, on  coughing;  and  (5)  they  are  usually  accompanied  by  pain,  whereas 
intrapulmonary  sounds  are  not.  Pleural  friction  sounds  indicate  the 
presence  of  a  "dry"  pleurisy  in  the  region  in  which  they  are  audible. 
In  milary  tuberculosis  involving  the  pleura,  soft  friction  sounds  may  be 
heard  over  large  areas  of  one  or  of  both  lungs.  Friction  sounds  sometimes 
become  audible  in  tumors  of  the  pleura,  or  when  the  pleura  is  merely 
abnormally  dry  (cholera). 

Near  the  heart,  pleural  friction  may  be  heard  not  only  with  the 
respiratory  movements,  but  also  synchronously  with  the  heart's  action 
owing  to  the  rubbing  of  the  pericardial  pleura  against  the  adjacent  pul- 
monary pleura  (pleuropericardial  friction).  The  differential  diagnosis 
between  this  extrapericardial  friction  and  true  pericardial  friction  is 
described  under  pericardial  friction  (q.  v,). 
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.   Other  Pleural  Sounds 

Besides  (1)  friction  sounds,  (2)  the  amphoric  hum  or  metallic  reso- 
nance (q.  v.),  and  (3)  metallic  tinkling  (q.  r.),  two  other  abnormal  aus- 
cultatory phenomena  referable  to  the  pleura  can  sometimes  be  elicited  by 
the  physician  on  examination;  namely,  (4)  the  succussion  splash,  and 
(5)  the  coin  sound. 

Succussion  Splash. — ^When  the  pleural  cavity  contains  both  liquid  and 
air,  and  the  patient  is  given  a  vigorous  shaking  while  the  physician  listens 
to  the  chest,  a  splashing  sound  is  heard  {Hippocratic  succussion).  The 
patient  may  be  able  to  hear  it  and  to  produce  it  at  will  himself.  It  is  a 
metallic  splash.  Care  should  be  taken  not  to  confuse  it  with  the  splash 
produced  in  the  stomach  when  the  latter  contains  both  fluid  and  gas. 

Though  this  succussion  splash  is  usually  due  to  sero-  or  pyopneumo- 
thorax, it  is  occasionally  heard  in  the  absence  of  pneumothorax,  when  large 
cavities  exist  in  the  lung. 

Coin  Sound. — If  one  listens  with  the  naked  ear  or  with  a  stethoscope  in 
front  to  the  wall  of  the  chest  of  a  patient,  while  an  assistant  percusses  at 
about  the  same  level  on  the  same  side  of  the  chest  behind,  using  two  coins 
as  plexor  and  pleximeter,  a  clear  ringing  sound  may  be  heard  if  a  large 
cavity  containing  air  exists  in  the  lung,  or  if  pneumothorax  be  present. 
This  sound  contrasts  markedly  with  the  sound  audible  under  similar  con- 
ditions over  the  healthy  chest  or  on  the  opposite,  relatively  normal,  side 
of  the  patient's  chest.  This  coin  sound,  sometimes  spoken  of  as  the  ^*bell 
sound"  or  "metallic  ring,"  is  in  reality  identical  with  the  metallic  ring  of 
percussion  (g.  v.)  as  heard  by  the  ear  close  to  the  chest  or  through  the 
stethoscope. 
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9.    The  Relation  of  Physical  Si^ns  to  Conditions  in 

the  Lun^s  and  Pleurae 

On  examining  the  chest  by  the  physical  methods  above  described,  one 
should  try,  at  first,  merely  to  draw  inferences  regarding  the  air  content 
of  the  underlying  lungs  and  the  physical  state  of  the  pleural  cavities, 
and  only  subsequently  to  seek  the  pathogenetic  explanation  of  these 
physical  conditions  of  the  lungs  and  pleurae.  In  the  table  on  page  527  a 
general  view  of  the  relations  between  physical  signs  and  underlying  con- 
ditions is  presented. 


10.    Examination  of  Sputum 

(a)    Sources  of  Sputum 

The  sputum  expectorated  on  hawking  or  coughing  consists  of  a  mix- 
ture of  secretions  from  the  mucous  membranes  with  pus,  blood  or  other 
materials  given  off  from  the  respiratory  apparatus.  The  secretions  come 
from  the  raucous  membranes  of  the  larynx,  trachea  and  bronchi,  pharynx 
and  back  of  the  nose  (choanae).  In  addition  to  the  above,  the  sputum 
contains  saliva,  secretions  from  the  mucous  membranes  of  the  mouth,  and 
sometimes  food  particles. 

It  is  obviously  important  to  distinguish,  when  possible,  the  sputum 
that  comes  from  the  lungs  and  deeper  air  passages  from  that  originating 
in  the  mouth  or  nasopharynx.  Pulmonary  sputum  should  be  collected, 
whenever  practicable,  by  methods  that  guarantee  its  relative  freedom  from 
admixture  with  constituents  from  the  mouth,  nose  and  nasopharynx  (See 
Sputum  Cultures).  It  may  be  received  in  a  sterile  Petri  dish,  or  in  a 
wide-mouthed  bottle,  previously  cleaned,  boiled  in  water,  and  dried. 
Mouth  sputum  usually  consists  chiefly  of  saliva  and  is  recognizable  as 
an  opaque,  sticky  fluid  in  which,  on  microscopic  examination,  swollen, 
flat,  epithelial  cells  and  leukocytes,  singly  or  in  groups,  are  visible. 
Nasopharyngeal  sputum  consists  chiefly  of  mucus  more  gelatinous  than 
that  in  the  saliva  and  met  with  usually  in  the  form  of  roundish  balls  or 
lumps  the  size  of  a  pea  or  bean,  which  do  not  run  together,  or  mix  well 
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with  the  rest  of  the  sputum.  This  mucus  from  the  nasopharynx  may  be 
transparent  or  purulent;  it  may  be  gray  or  black  from  admixture  with 
coal  dust,  or  it  may  contain  tough,  dry,  wrinkled  scabs,  yellowish,  brown- 
ish or  greenish  in  color. 

When  the  sputum  is  purulent  it  is  often  difficult  to  decide  whether 
the  pus  has  had  its  origin  in  the  mouth  and  pharynx  or  whether  it  has 
come  from  lower  down.  An  admixture  with  saliva,  or  a  very  putrid  odor, 
is  suggestive  of  a  buccal  or  a  pharyngeal  origin,  though  very  fetid  sputum 
is  expectorated  also  in  putrid  bronchitis,  in  bronchiectasis  and  in  pul- 
monary gangrene. 

Sputum  of  pulmonary  origin,  when  scanty,  may  sometimes  be  in- 
creased by  the  administration  of  a  few  doses  of  potassium  iodid  or 
ammonium  chlorid.  In  early  pulmonary  tuberculosis,  especially  in  chil- 
dren, the  tubercle  bacilli  may  sometimes  be  found  in  sputum  swallowed 
during  the  early  morning  hours ;  the  sputum  is  obtained  by  washing  out 
the  stomach  before  breakfast  (T.  Hausmann). 

In  handling  sputum  precautions  should  be  taken  1}o  avoid  J)ersonal  infection. 
The  sputum  should  be  kept  in  well-covered  receptacles  until  disposed  of.  In  hos- 
pitals the  sputa  and  sputum  cups  should  be  sterilized  after  examination  in  an 
autoclave.  If  chemical  sterilization  is  relied  upon  a  5-per-cent  solution  of  carbolic 
acid  will  suffice  if  the  quantity  of  sputum  be  small. 
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(6)     Varieties  of  Sputum 

According  to  the  principal  constituent,  four  main  varieties  of  sputum 
maybe  described:  (1)  mucous;  (2)  purulent;  (3)  serous;  and  (4)  bloody. 

Other  forms  of  sputum  are  admixtures  of  thfese  {e.g.,  mucopurulent, 
mucohemorrhagic,  etc.),  One  should  always  notice  whether  the  different 
constituents  of  sputum  are  intimately  mixed  with  one  another  to  form 
a  homogeneous  fluid,  or. remain  separafted  from  one  another  as  recognizably 
different  parts.  .     ' 

Mucous  Sputum. — When  the  sputum  consists  of  pure  mucus  it  is  usually 
either  from  the  choanae  or  from  a  beginning  bronchitis.  Sputum  fron^  the 
choanae  (nasopharyngeal)  is  usUfllly  hawked  up;  bronchitic  sputum  is 
coughed  up.    i 
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Pomlent  Spnttun. — When  not  from  the  mouth  or  the  pharynx,  pure 
purulent  sputum  (free  from  mucus)  is  due  to  the  rupture  of  an  ahscess 
of  the  lung,  or  of  a  neighboring  organ  (empyema,  liver  abscess),  into  the 
bronchi. 

Mucopimilent  Spnttun. — Mucus  and  pus  may  be  intimately  mixed  with 
each  other  in  the  sputum  in  diffuse  bronchitis.  In  bronchoblenorrhea,  the 
thin  mucopurulent  sputum  often  separates  on  standing  into  three  layers. 
Similarly,  three  layers  are  met  with  in  bronchiectatic  sputum,  in  lung 
gangrene,  and  in  fetid  bronchitis.  The  upper  layer  is  frothy  and  consists 
of  lumps  and  balls ;  the  middle  layer  consists  of  thin  mucus  and  serum 
with  a  few  shreds  hanging  down  from  the  upper  layer ;  while  the  lower 
layer  contains  a  sediment  of  confluent  pus  and  whitish  particles. 

In  pulmonary  tuberculosis,  the  sputum  contains  pus  and  mucus, 
usually  not  well  mixed,  the  pus  appearing  as  ball-shaped  or  coin-shaped 
masses  surrounded  by  mucus  (nummular  sputum).  If  large  cavities  exist 
in  a  tuberculous  lung,  nearly  homogeneous  sputum  may  be  expectorated. 

Serons  Spnttun. — In  pulmonary  edema,  an  abundant  thin  but  very 
frothy  sputum,  resembling  beaten  egg-white,  is  expectorated,  or  may  run 
out  of  the  mouth.  It  may  be  colorless,  but  it  is  sometimes  tinged  with  pink 
(blood).  This  form  of  sputum  is  highly  characteristic  and  of  great  im- 
portance for  diagnosis. 

Bloody  Spnttun. — Sometimes  pure  blood  is  expectorated  (hemoptysis) 
in  bronchiectasis,  in  pulmonary  tuberculosis,  in  leaking  aneurism,  and, 
occasionally,  in  lung  abscess  or  in  lung  tumor.  In  hemoptysis,  the  blood 
is  coughed  up ;  it  can  be  distinguished  from  the  blood  that  is  vomited  up 
from  the  stomach  (hematemesis)  (1)  by  its  bright  red  color,  (2)  by  the 
froth  in  it,  and  (3)  by  the  fact  that  it  is  not  mixed  with  food. 

When  blood  is  intimately  mixed  with  mucus  in  the  sputum,  the  color 
varies  according  to  the  relative  quantities  of  these  two  constituents  and 
the  length  of  time  the  blood  has  remained  in  the  air  passages  before  it 
is  expectorated.  Thus,  in  pneumonia,  the  sputum  may  have  a  brick  dust 
tint  (rusty  sputum) ^  or,  especially  in  alcoholic  cases,  it  may  be  outspokenly 
hemorrhagic.  Mucohemorrhagic  sputum  is  also  met  with  in  hemorrhagic 
infarction  of  the  lung  and  in  neoplasm. 

The  so-called  prune-juice  sputum  is  a  serohemorrhagic  sputum.  It  is 
met  with  when  a  croupous  pneumonia  is  complicated  by  edema  of  the 
lung.  A  peculiar  mucohemorrhagic  sputum  of  sticky  consistency,  re- 
sembling currant  jelly,  is  seen  in  neoplasm  and  sometimes  in  lung  syphilis. 

Small  streaks  of  bright  blood  in  sputa  otherwise  of  mucous  character 
usually  originate  in  the  upper  air  passages  (nose,  pharynx,  larynx)  or  in 
the  mouth. 

Blood-stained  saliva  is  often  brought  to  the  physician  by  the  hysterical 
and  by  simulants;  it  is  usually  a  thin  fluid,  of  stale  odor  and  of  brownish- 
red  color. 
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(c)    Color  of  Sputum 

Aside  from  the  above-mentioned  purulent  sputa  (yellow  or  yellowish- 
green)  and  hemorrhagic  sputa  (red,  brown,  or  yellowish-red),  sputum 
may  assume  different  tints  from  the  admixture  of  various  coloring  matters. 

Black  sputum  is  seen  in  coal-  and  iron-workers ;  blue  sputum  is  occa- 
sionally seen  in  workers  in  dye-works ;  green  sputum  is  met  with  in  pneu- 
monia with  jaundice,  sometimes  in  caseous  pneumonia,  and  occasionally 
in  pyocyaneus  infections;  yellow  sputum  may  be  due  to  hematoidin  in 
lung  abscesses,  or  to  bile  when  liver  abscesses  break  into  the  lung.  In 
chronic  passive  congestion  of  the  limg  in  cardiac  disease,  a  yellowish-red 
tint  may  appear,  owing  to  the  large  number  of  pigment-<K)ntaining  cells 
— "heart-failure  cells" — in  the  sputum.  White  sputum  resembling  starch 
is  sometimes  seen  in  bakers  and  in  millers;  the  starch  granules  can  be 
demonstrated  microscopically. 

(d)    Odor  of  the  Sputum 

Usually  stale,  the  odor  of  sputum  may  become  putrid  from  decomposi- 
tion in  the  mouth  or  in  the  air  passages  (fetid  bronchitis,  bronchiectasis, 
lung  gangrene).  To  people  that  come  in  contact  with  patients,  there  is 
no  odor  more  trying  than  that  of  fetid  sputimi,  unless  it  be  that  of 
bromidrosis  1 

(e)    Consistence  of  the  Sputum. 

This  depends  mainly  upon  the  relative  amount  of  mucus  the  sputum 
contains;  in  asthma,  and  sometimes  in  pneumonia,  the  sputum  is  so 
tenacious  that  it  will  not  flow  out  of  the  sputum  cup  held  upside  down. 

(0    Protein  Content  of  Sputum 

Sputum  arising  chiefly  from  increased  secretion  of  the  bronchial 
mucous  membrane,  as  in  asthma  and  in  bronchitis,  is  poor  in  protein, 
whereas  sputum  arising  in  inflammations  of  the  lung  substance  itself 
(pneumonia)  or  in  transudations  (pulmonary  edema,  chronic  passive  con- 
gestion) is  more  close  to  blood  serum  in  its  chemical  composition  and  thus 
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is  rich  in  protein.  The  amount  of  protein  present  in  the  sputum  may 
therefore  be  helpful  in  differential  diagnosis.  One  makes  the  test  as 
Mows  (F.  Miiller) : 

Thirty  to  fifty  cubic  centimeters  of  sputum  are  placed  in  an  Erlen- 
meyer  flask^  double  the  quantity  of  1-per-cent  aqueous  solution  of 
acetic  acid  is  added^  and  the  mixture  well  shaken.  The  acetic  acid 
precipitates  the  mucin  and  leaves  the  proteins  proper  in  solution.  The 
mucin  is  filtered  out,  and  a  lO-per-cent  solution  of  ferrocyanid  of  potas- 
sium added  to  the  filtrate.  An  abundant  precipitate  indicates  much 
protein  and  points  to  an  inflammation  of,  or  a  transudate  into,  the  lung. 
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(g)    Amount  of  Sputum 

This  is  extremely  variable.  The  largest  amounts  are  met  with  (1)  in 
certain  bronchial  affections  (bronchoblenorrhea)  ;  (2)  in  large  bronchi- 
ectatic  or  phthisical  cavities  (as  much  as  one  to  two  litres  daily)  ;  (3)  in 
pulmonary  edema,  or  when  abscesses  or  empyemas  break  into  the  bronchi. 
In  such  cases  the  sputum  may  be  brought  up  in  mouthf  uls.  In  bronchi- 
ectasis the  patients  usually  empty  their  cavities  on  changing  their  position 
after  waking  in  the  morning. 

(fc)    Larger  Particles  or  Masses  in  the  Sputum  Recognizable 

by  the  Naked  Eye 

(1)  Fragments. — Occasionally,  pieces  of  lung  tissue  (sequestra)  are 
coughed  up,  in  gangrene  or  in  lung  abscess.  Pieces  of  tumor  may  appear 
in  the  sputum;  the  histological  examination  is  important  for  diagnosis. 
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One  of  my  patients  coughed  up  both  aryienoid  cartilages  from  his  larynx 
in  the  course  of  a  laryngeal  periehondritic  complication  of  typhoid  fever. 
(2)  Bronchial  OastB. — Sometimes  branched  fibrinous  casts  of  the  bron- 
chi are  coughed  up  in  fibrinous  bronchitis,  in  croupous  pneumonia  or  in 


Fig.   16T. — FIbrlD   Cast      <  Photograpbcd   tram   Emeraon's  Clin.  Diag,) 

diphtheria.  When  they  are  small,  one  can  isolate  them  by  shaking  the 
sputum  with  water.  They  stain  red  in  Ehrlich's  triple  stain,  while  masses 
of  mucous  origin  {Curschmann's  spirals)  stain  green. 

(3)  Ouraohmann'8  Spirals. — These  consist  of  a  central  mucous  thread, 
either  straight  and  surrounded  by  a  twisted  mantle  of  mucus,  or  twisted 
or  coiled  like  a  rope  and  then  usually  enslieathed  in  clear  mucus.  The 
central  thread  measures  0.5—2  cm.  in  length  and  0.5-1  mm.  in  thickness. 
In  the  mucus,  one  can  usually  make  out  eosinophils,  epithelial  cells,  pus 
cells,  and,  sometimes,  Charoot-T^yden  crystals.  Such  spirals  are  met  with 
most  often  in  cases  of  recurring  bronchiolitis  combined  with  asthmatic 
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attacks,  but  Curschmann's  spirals  may  occur  alao  in  patients  that  are  not 
asthmatic,  and,  moreover,  not  all  paroxysms  of  asthma  are  aseociated  with 


the  expectoration  o£  spirals.  They  can  usually  be  found  with  the  naked 
eye  if  one  look  for  sagolike  lumps  of  mucus,  but  one  can  scarcely  be 
oerlain  of  them  with  the  naked  eye  and  the  raacroacopie  examination 
should  be  controlled  with  the  microscope. 

(4)  Tnberotilona  Lenses. — In  the  sputum  from  phthisical  cavities, little 
particles,  occurring  singly  or  in  small  groups,  each  the  size  of  the  head 
of  a  pin,  of  a  grayiah-white  or  grayish-yellow  color,  of  ratlier  firm  con- 
sistency, and  resembling  crumbs  of  bread  in  their  appearance,  are  often 
met  with.  These  "lenses"  contain  large  numbers  of  tubercle  bacitti,  and 
sometimes  also  networks  of  elastic  fibers.  They  have  their  origin  in  the 
easeous  walls  of  a  cavity. 

(5)  Dittrioh's  Flng^. — In  the  decomposing  sputum  of  piitrid  bronchi- 
tiB,  of  bronchiectasis,  and  of  lung  gangrene,  small  yellowish-white  masses, 
closely  resembling  the  tuberculous  lenses  dcflcril)ed  alwve,  are  sometimes 
seen.     They  have  a  very  penetrating,  foul  odor.     They  consist  of  tissue 
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particles,  or  of  small  pus  masses,  which  have  undergone  decomposition 
in  the  lungs,  or  in  the  bronchi.  Microscopically,  they  contain  numerous 
fatty-acid  crystals  and  bacteria  (cocci  and  long  bacilli). 

(6)  Fungns  Colonies. — These  appear  as  small  yellowish-white  particle 
about  the  size  of  tuberculous  lenses  or  of  Dittrich's  plugs,  but  of  softer 
consistency.  They  are  common  (1)  in  pulmonary  tuberculosis  and  in 
chronic  bronchitis,  where  they  are  found  microscopically  to  consist  of 
masses  of  fungi;  (2)  in  actinomycosis,  then  usually  as  the  so-called 
"sulpjiur  bodies,"  in  which  the  microscope  reveals  the  typical  ray-fungus ; 
and  (3)  in  pneumonic  aspergillosis,  and  in  other  mycoses  of  the  lung  (q.  t?.). 

(7)  Echinococcus  Oysts. — Echinococcus  cysts,  or  pieces  of  them,  may, 
occasionally,  be  met  with  in  sputum. 

(8)  Lung  Stones. — Occasionally,  a  small  stone  is  found  in  sputum; 
most  often,  it  is  a  portion  of  a  calcified  bronchial  gland. 
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(i)    Microscopic  Study  of  the  Sputum 

Microscopically,  sputum  is  studied  for:  (1)  cells;  (2)  elastic  fibers; 
(3)  crystals;  and  (4)  bacteria  and  parasites. 

To  make  preparations  of  sputum  for  microscopic  examination,  one 
spreads  out  a  larger  mass  on  a  glass  plate  on  a  dark  background,  picks 
out  suspicious  particles  from  several  areas,  and,  withi  a  needle,  places 
these  on  a  glass  slide  and  applies  a  cover  slip,  avoiding  too  great  pressure 
in  order  not  to  destroy  the  characteristic  constituents  (spirals,  crystals, 
etc.).  If  necessary  to  dilute  the  sputum,  one  may  add  a  drop  of  physio- 
logical salt 'solution.  The  following  examinations  (i-iv)  are  made  with 
fresh,  unstained  sputum. 

L    CeDs  in  the  Spatam 

Among  the  mucous  threads,  one  finds,  normally,  some  epithelial  cells 
and  a  few  white  blood  corpuscles. 

Squamous  epithelium  arises  from  the  mouth,  the  pharynx,  or  the 
outer  portion  of  the  larynx. 

Cylindrical  epithelium^  may  come  from  the  nose,  the  upper  pharynx 
or  from  the  larynx  and  bronchi;  the  cilia  are  usually  invisible.    Cylin- 
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drical  cells  are  abundant  in  catarrh  of  the  mucous  membranes  and  in 
bronchial  asthma. 

Alveolar  epithelial  celts  are  round  cells  with  a  vesicular  nucleus;  the 
odls  are  a  little  larger  than  white  blood  corpuscles.  Fat  granules,  coal 
particles,  and  myelin  droplets  may  be  seen  within  the  protoplasm ;  the  fat 
granules  stain  orange  red  on  the  addition  of  a  drop  of  alcoholic  solution 
of  Sudan  III ;  myelin  does  not  8tain«  In  chronic  passive  congestion  of 
the  lung  (cardiac  disease),  such  cells  are  numerous  in  the  sputum,  and 
they  contain,  then  also  yellowish-brown  granules  of  hemosiderin  or  hema- 
toidin  (so-called  "heart-failure  cells")  ;  such  cells  are  also  present  in  the 
sputum  after  any  form  of  bronchial  or  pulmonary  hemorrhage,  and  do 
not  necessarily,  therefore,  depend  upon  myocardial  insufficiency. 

White  blood  corpuscles  of  the  polymorphonuclear  neutrophil  type  are 
abundant  in  purulent  sputum ;  their  nuclei  are  easily  made  visible  by  the 
addition  of  a  drop  of  a  1-per-cent  solution  of  acetic  acid.  Eosinophilic 
leukocytes  are  abundant  in  the  sputum  of  asthmatic  patients,  where  they 
may  make  up  60  per  cent  of  all  the  leukocytes  present  (F.  Miiller),  They 
may  also  be  abundant  in  certain  forms  of  chronic  bronchitis,  and  during 
periods  of  improvement  in  some  cases  of  pulmonary  tuberculosis.  In 
searching  for  eosinophil  cells  in  the  sputum,  one  makes  a  smear,  dries  it 
in  the  air  and  then  stains  with  Jenner's  stain  (eosinate  of  methylene  blue), 
just  as  one  stains  a  blood  smear.  The  cells  are  also  easily  recognizable 
in  fresh  unstained  sputum  through  the  presence  of  large  highly  re- 
fractive granules  in  the  protoplasm. 

Lymphocytes  may  also  be  present  in  sputum,  sometimes  in  large 
numbers.  They  are  easily  recognizable  as  small  mononuclear  elements, 
the  nucleus  being  surrounded  by  a  narrow  rim  of  non-granular  protoplasm. 

Red  blood  corpuscles  are  present  in  the  hemorrhagic  sputa  met  with 
in  bronchiectasis,  pulmonary  tuberculosis,  lung  tumor,  etc. 

Tumor  cells  are  sometimes  recognizable  in  the  fresh  sputum.  In  carci- 
nomata  and  in  sarcomata  of  the  air  passages  and  lungs,  cells  from  the  tumor 
are  sometimes  broken  off  and  expectorated.  It  is  rarely  safe,  however, 
to  make  a  diagnosis  of  tumor  from  the  sputum  unless  the  tumor  particles 
are  large  enough  to  harden,  section,  and  stain  for  histological  examination. 
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iL    Elastic  Fibers  in  Spatam 

These  are  found  in  the  sputum  in  all  destructive  diseases  of  the  lungs, 
especially  in  pulmonary  tuberculosis  and  in  lung  abscess;  occasionally, 
they  occur  in  the  sputum  in  gangrene,  though  in  the  latter  disease  they 
are  usually  absent,  since  a  ferment  that  dissolves  them  is  present. 

In  searching  for  elastic  fibers  one  chooses  a  suspicious  particle  of 
sputum  (e.  gf.,  a  tuberculous  lens),  places  it  on  a  slide,  and  adds  a  drop  of 
10-per-cent  KOH  solution.  Or  one  may  mix  30  to  50  c.c.  of  sputum  with 
an  equal  amount  of  the  alkali  and  warm  on  the  water  bath  until  clear. 
The  mixture  is  then  allowed  to  sediment  in  a  conical  glass  or  is  centrif  ugal- 
ized,  and  the  sediment  is  examined  microscopically.  The  elastic  fibers 
are  easily  recognisable;  they  occur  either  singly  or  in  networks  corre- 
sponding to  the  alveoli ;  occasionally,  sheets  of  elastic  tissue,  possibly  arte- 
rial in  origin,  are  seen.  The  fibers  are  uniform  in  diameter,  present  sharp 
outlines,  are  highly  refractive,  tend  to  curl  up  at  the  ends;  they  are  often 
branched ;  pressure  on  the  cover  slip  does  not  give  rise  to  varicosities  or  to 
changes  in  caliber.  They  are  thus  easily  distinguishable  from  fatty-acid 
crystals  (q.  v.).  They  may  be  stained  differentially,  if  desired,  either 
fresh  by  magenta,  or,  after  fixation,  by  Weigert's  elastic-fiber  method,  or 
by  the  orcin  method  used  in  histology. 


ill.    Crystab  in  Spatam 

Several  varieties  of  crystals  are  met  with  in  different  sputa.  They 
include  hematoidin  crystals,  fatty-acid  crystals,  amino-acid  crystals,  cho- 
lesterin  crystals,  and  the  so-called  Charcot-Leyden  crystals. 

(1)  Hematoidin  Crystals. — These  occur  in  the  form  of  brownish-red 
nodules,  rhombic  plates,  and  sometimes  as  amorphous  yellowish-brown 
granules,  usually  lying  in  bundles;  they  are  most  common  after  old 
hemorrhages  in  the  lung,  or  after  rupture  of  lung  abscesses  or  of  liver 
abscesses  into  the  lung. 

(2)  Fatty-acid  Crystals. — These  appear  as  fine,  curved,  colorless 
nodules,  which  melt  to  form  fat  droplets  on  warming  the  slide.  They 
are  soluble  in  ether  and  in  KOH ;  on  pressing  on  the  cover  slip,  varicosities 
appear  in  the  crystals.  They  are  most  abundant  in  Dittrich's  plugs 
(q.  V.)  of  putrid  bronchitis,  of  bronchiectasis,  of  lung  abscess,  and  of 
gangrene. 


lU-torb.  ■■I'le  piiMTlnii' 
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(3)  Amino-aoid  Crystals. — In  the  sputum  from  pulmoaary  abscess, 
and  in  that  from  putrid  bronchitis  and  from  gangrene,  one  sometimes  sees 
cbaracteriatic  crystals  of  leucin  and  of  tyrosin.  Such  crystals  arise  as  the 
result  of  the  action  of  proteolytic  ferments. 

(4)  Cholesterin  Crystals. — The  cliaracteristic  large  rhomboid  plates  of 
this  secondary  alcohol  are  occasionally  seen  in  sputum  along  with  amino- 
acid  crystals. 

(5)  Charcot-Leyden  Crystals. — These  are  sharply-pointed,  octahedral 
crystals,  greatly  variable  in  size,  sometimes  seen  lying  singly,  or  in 
groups,  among  the  cellular  elements 

of  the  sputum.  They  are  soluble  in 
hot  .water,  in  mineral  acids,  and  in 
alkalies.  The  crystals  show  an  affin- 
ity for  eosin.  They  are  very  fragile, 
being  easily  broken  in  making  the 
preparation.  _  They  are  most  often 
met  with  in  asthmatic  sputum  where 
they  occur  along  with  Curschmann's 
spirals  and  eosinophils.  It  has  been 
suggested  that  the  eosinophils  sup- 
ply the  material  that  gives  rise  to 
the  crystals;  indeed,  it  seems  very 
probable  that  they  owe  their  origin 

to  the  disintegration  of  eosinophil  ^g  iBB._char«,t-Lerd<^n  CrT.t«i.-ioo/l. 
cells.  In  searching  for  them,  one  (After  t.  Brugsch  and  a.  sobitteDbeim, 
pith  o„t  yellow  specks  or  strips  in  i^C*  V™;  JS/b.'™"';'""'  " 
the  sputum.    Besides  in  asthma,  they 

have  been  observed  in  fibrinous  bronchitis,  in  hay  fever,  and  in  distomiasis 
pulmonalis. 
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tv.    ParasHes  as  Seen  in  Fre^  Spnhnii 

Amebae,  eggs  of  the  lung  fluke,  and  echinococcus  booklets,  when  pres- 
ent, are  easily  visible  in  unstained  specimens;  these  are  described  below, 
also,  under  stained  preparations. 

T.   Bad»ia  and  Parasites  as  Seen  in  Stained  Sfedmens  of  Spahnn 

Bacteria  are  always  present  in  sputum.  They  are  few  in  number  in 
the  pure  mucous  sputa  of  chronic  bronchitiSj  of  asthma,  and  of  chronic 
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passive  congestion,  but  they  are  present  in  large  numbers  in  purulent 
sputa  and  in  the  various  putrid  sputa.  In  the  former,  staphylococci,  strep- 
tococci, pneumococci  and  influenza  bacilli  are  most  often  met  with,  while 
in  the  latter  large  anaerobic  bacilli  are  also  found. 

The  predominant  organisms  in  the  sputum  may  often  be  identified 
simply  by  examining  a  stained  smear,  but  it  is  preferable  to  make  also 
a  culture  from  fresh  sputum  especially  collected  and  washed  with  sterile 
salt  solution  for  the  purpose. 

In  making  bacteriological  cultures  from  the  sputum,  the  following 
method  is  used:  The  patient  is  instructed  how  to  expectorate  from  the 
lung  into  a  sterile  Petri  dish.  With  a  heavy  sterile  platinum  needle, 
the  examiner  immediately  picks  out  a  ball  of  sputum  and  washes  it  in 
several  successive  Petri  dishes  containing  sterile  water  or  salt  solution, 
in  order  to  remove,  as  far  as  possible,  bacterial  contaminations  from  the 
mouth.  Stained  smears  made  before  and  after  washing  the  sputum  show 
the  importance  of  this  washing  process  (J.  A.  Luetscher).  With  sterile 
needles,  the  sputum  mass  is  then  broken  up  in  a  tube  of  bouillon,  and  a 
little  bit,  taken  preferably  from  the  center,  is  used  for  the  making  of 
cultures  and  of  smear  preparations.  (For  the  media  most  suitable  for 
the  different  bacteria  suspected,  see  section  on  Diagnosis  of  the  Infec- 
tious Diseases.) 

The  three  bacterial  forms  in  the  sputum  that  are  most  important 
for  clinical  diagnosis  are:  (1)  the  tubercle  bacillus;  (2)  the  pneumo- 
(*occus;  and  (3)  the  influenza  bacillus.  Other  forms  of  vegetable  micro- 
organisms sometimes  of  importance  here,  include  (4)  the  pyogenic  cocci 
in  lung  abscesses  and  in  bronchiectasis,  (5)  diphtheria  bacilli,  (6)  strepto- 
thrix  actinomyces  and  other  forms  of  streptothrix,  (7)  aspergillus,  (8) 
blastomyces,  and  (9)  the  thrush  fungi. 

Examination  of  Sputun  for  Tnbercle  Bacilli — One  chooses  the  more 
purulent  part  of  the  sputum,  or  looks  for  the  tuberculous  lenses.  The 
bacilli  are  most  abundant  in  the  sputum  that  comes  from  the  walls  of 
cavities  in  the  lung.  (For  the  preparation  of  cover  slips,  and  for  methods 
of  staining,  see  section  on  the  Diagnosis  of  the  Infectious  Diseases.) 

Examination  of  Sputum  for  Pneumocooci. — These  may  be  present  in 
small  numbers  in  Gram-stained  specimens  of  almost  any  sputum  examined. 
They  are  very  numerous  and  are  usually  present  in  pure  culture  in  the 
carefully  collected  rusty  sputum  of  croupous  pneumonia.  They  appear 
as  lanceolate  diplococci,  often  encapsulated.  They  may  be  isolated 
by  cultural  methods  {q.  v.)  and  their  pathogenicity  tested  by  inocu- 
lation of  mice  (at  the  root  of  the  tail),  or  of  rabbits  (injection  into  ear- 
vein). 

Examination  of  Sputum  for  Influenza  Bacilli — These  extremely 
minute,  polar-staining,  bacilli  occur  usually  in  large  masses  when  they  are 
present  in  the  sputum.    Though  in  cover-slip  preparations,  stained  by  car- 
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bolfuchsin  diluted  with  10  parts  of  distilled  water  and  allowed  to  act  for 
10  minutes,  their  nature  may  be  suspected;  the  proof  of  their  identity 
should  be  brought  by  means  of  cultures  made  upon  blood-agar. 

Examination  of  Sputum  for  FnngL — Of  the  fungi  met  with  in  sputum, 
three  varieties  are  of  especial  importance,  (1)  actinomyces,  (2)  asper- 
gillus,  and  (3)  blastomyces. 

Stkeptothkix  ACTINOMYCES. — In  actinomycosis  of  the  lungs,  the 
sputum  is  sometimes  glairy  and  mucilaginous,  more  often  purulent,  and 
contains  yellow  granules  about  the  size  of  a  small  pin-head  or  of  a  sand- 
grain — ^the  so-called  "sulphur  granules."  The  yellow  color  may  not  be 
visible  except  under  the  low  power  of  the  microscope;  to  the  naked  eye 
the  particles  may  look  grayish  white.  If  one  of  these  particles  be  placed 
on  a  glass  slide,  under  a  cover  glass,  and  pressure  be  applied,  one  can  see 
under  the  high  power  a  central  area  consisting  of  fine,  closely  aggregated 
fungous  threads,  and  a  peripheral  area,  made  up  of  branched,  flask-shaped 
and  clublike  processes.  Staining  is  unnecessary  for  recognition,  but  the 
fungus  is  brought  out  very  beautifully  if  a  littJe  Lugol's  solution  be  run 
under  the  cover  slip.  In  dried-and-fixed  smears,  one  may  use  methylene 
blue  or  Gram's  stain  for  the  mycelium,  using  safranin  or  carmin  as  a 
counterstain  for  the  clubs. 

Otheb  Forms  of  Stebptothbix. — ^Recently  streptothrix  infections 
of  the  lung  resembling  pulmonary  tuberculosis  have  been  reported,  and 
forms  of  streptothrix  have  been  found  in  the  sputum  during  life  and  in 
the  lesions  in  the  lung  at  autopsy  (See  Part  IV). 

AspEsoiLLUs. — In  aspergillus  infections  (pneumonomycosis  aspergil- 
lina)  the  characteristic  doubly-contoured  threads  (usually  unbranched) 
containing  numerous  brownish  pigmented  spores  are  found.  They  are 
best  seen  on  treatment  of  the  sputum  with  10-per-cent  KOH.  The  fungus 
occasionally  occurs  in  bronchiectatic,  and  in  tuberculous,  cavities. 

Blastomyces. — This  parasite  is  occasionally  met  with  in  the  sputum 
in  cases  of  systemic  blastomycosis  or  oidiomycosis  (g.  v.).  It  is  best 
brought  out  by  treating  fresh  sputum  with  dilute  KOH,  when  the  doubly- 
contoured  refractive  yeastlike  bodies  become  visible.  If  budding  forms 
are  seen,  the  fungus  is  probably  a  true  Blastomyces;  if  endosporulation 
be  visible,  it  is  probably  the  fungus  of  coccidioidal  granuloma  (See 
Part  IV). 

Animal  Parasites  in  Sputum. — The  three  animal  parasites  most  likely 
to  be  met  with  in  sputum  are:  (1)  echinococcus  booklets  and  scolices;  (2) 
ova  of  the  lung  fluke ;  and  (3)  Entameba  histolytica. 

Echinococcus  Scolices  and  Hooklets  in  Sputum. — ^Rarely  pri- 
mary in  the  air  passages,  echinococcus  material  occasionally  reaches  them 
by  rupture  of  a  cyst  of  the  liver  into  the  lung,  and  then  portions  of 
the  membranes,  degenerated  scolices,  or  hooklets  may  be  found  in  the 
sputum. 
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Ova  of  Pabaqokihob  westehmani. — The  limg  fluke  that  causes 
parasitic  hemoptysis  is,  in  America,  a  rare  parasite,  though  it  is  not  at 
all  uncommon  in  Japan.  When  in  Tokyo,  in  1899,  I 
■was  shown  a  typical  case  by  Dr.  K.  Miiira.  In  that 
country,  when  hemoptysis  occurs,  they  always  look  for 
the  presence  of  the  eggs  of  this  parasite.  The  eggs  are 
brown  and  are  about  0.1  mm.  long  and  0.05  mm.  broad; 
there  ia  a  cover,  or  operculum,  on  the  blunt  end. 

Entameba  histolytica. — When  amebic  abscess  of 
tbe  liver  breaks  through  into  the  lung,  aniebae  may  ho 
found  in  the  sputum.     In  a  ease,  personally  observed, 
the  hepatic  condition  was  not  suspected  until  the  ac- 
tively motile  parasites  appeared  in  the  sputum.     The 
Fig    160  —Em   of     sputum  should  be  obtained  fresh,  and  should  be  exam- 
paragoDtmua  west-     ined  on  a  warm  stage ;  the  amebae  present  the  same  ap- 
tnm°°i  wo/1   A^ft-     P^arance  as  when  they  occur  in  the  feces.     (See  Amebic 
er    Katsurafla,    In     Dysentery.)      It  should  not  be  forgotten  that  amebae 
"ie-iB™en  ^^rIl^'!     ""^^  ^^  present  in  the  sputum  in  pyorrhea  alveolaris, 
ten  dFB  MenwhPD/'     and  that  microscopically  it  mav  be  impossible  to  dis- 
8on«"*1).nUiJ^i!     tinguisli    between    the    entameba    histolytica    and    the 
LondoD.)  entameba  buccalis. 
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IL    Gou^h 

This  is  an  important  symptom  in  various  nervous  and  inflammatory 
diseases  of  the  respiratory  passages.  Cough  consists  of  a  forcible,  explosive 
expiration,  during  which  the  glottis  is  first  closed  and  then  quickly  opened. 
The  air  current  passing  between  the  vocal  cords  gives  rise  to  a  noise  that 
18  at  first  of  high  pitch,  becoming  lower  as  the  glottis  opens. 

Cough  is  a  defensive  mechanism,  helping  to  cleanse  the  larynx,  the 
trachea,  and  the  larger  bronchi.  It  is  a  reflex  act,  the  sensory  limb  of 
the  arc  running  in  the  N.  vagus.  The  center  in  the  medulla  oblongata  lies 
close  to  the  respiratory  center. 
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Violent  coughing  can  injure  the  elasticity  of  the  lung,  especially  in  its 
upper  parts.  It  also  exerts  an  important  influence  upon  the  circula- 
tioiL  Thus,  on  coughing,  the  intrathoracic  pressure  is  increased,  the 
inflow  of  venous  blood  is  hindered,  and  the  outflow  of  arterial  blood  is 
favored,  so  that  the  arterial  pressure  may  momentarily  be  markedly  in- 
creased. This  sudden  heightening  of  the  blood  pressure  may  lead  to 
arterial  rupture  in  atherosclerosis  or  in  aortic  aneurism ;  it  accounts  also 
for  the  conjunctival  hemorrhages  in  whooping-cougL 

According  to  the  sputum  brought  up,  a  cough  is  said  to  be  dry  or 
moist.  When  nothing  is  expectorated,  it  is  called  an  empty  coxigh  (c.  gr.,  in 
cutaneous  or  in  pleural  irritation).  The  cough  may  have  a  very  metallic 
ring  when  cavities  within  the  thorax  are  set  into  sympathetic  vibration. 
When  the  glottis  is  not  completely  closed,  or  when  the  expiratory  force  is 
feeble,  the  cough  may  be  devoid  of  clang  (laryngeal  paralysis,  emphysema). 

A  hacking  or  frequently-recurring  feeble  cough  indicates  continuous 
slight  irritation ;  it  is  met  with  in  chronic  catarrh  of  the  upper  air  passages, 
especially  in  incipient  pulmonary  tuberculosis.  Violent  paroxysms  of 
coughing,  difficult  to  allay,  are  common  in  convalescence  from  influenza. 
The  so-called  goose  cough  of  aortic  aneurism  is  characteristic,  and  should 
always  arouse  suspicion.  The  whoop  of  pertussis  (5.  v.)  has  only  to  be 
heard  once  to  be,  afterward,  easily  recognizable. 
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12.    Examinations  of  the  Lun^s,  Pleurae  and  Diaphra^ 

by  Means  of  Ronton  Rays 

Much  progress  has  been  made  recently  in  the  diagnosis  of  diseases  of 
the  respiratory  organs  by  means  of  Rontgen  rays.  Rontgenoscopy  (or 
fluoroscopy)  and  rontgenography  are  both  employed.  Stereoscopic  ront- 
genography  of  the  thorax  as  worked  out  by  Dunham,  Wenckebach,  and 
others  is  especially  helpful. 

(a)    R6ntgeno8copg  of  the  Lungs 

In  studying  the  lungs  by  means  of  Rontgen  rays,  it  is  best  to  begin 
with  a  general  rontgenoscopic  view,  preferably  by  dorsoventral  transillu- 
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mination,  the  tube  being  placed  at  the  back  of  the  patient  and  the  fluorescent 
screen  over  the  front  of  his  thorax.  One  can  then  decide,  whether  to  use 
rontgenography  for  the  whole  thorax,  or  for  certain  regions  only  (e.  g,y 
hilus,  medial  portions  of  apex,  etc).  In  special  cases,  however,  ventrodor- 
sal transillumination  as  well  as  frontal  and  oblique  transilluminations  for 
rontgenoscopy  may  be  helpful. 

(fr)    Rdntgenograpkf  of  the  Lungs 

General  View. — ^During  the  exposure  of  the  plate,  the  patient  may  either 
sit  or  stand.  A  soft  tube  (say  3  Benoist-units,  or  6  to  7  Wehnelt-units) 
is  used,  at  a  focal  distance  of  50-60  cm.,  the  anticathode  being  placed 
opposite  the  spinous  process  of  the  6th  thoracic  vertebra.  In  adults  of 
average  size,  the  time  of  exposition  required  is  from  5  to  10  seconds. 
Excellent  pictures  can  also  be  obtained  by  brief  exposures,  provided  an 
intensifying  screen  be  used. 

'  In  dorsoventral  (sagittal)  illumination,  the  arms  may  be  folded  over 
the  plate-holder  in  front  so  as  to  displace  the  scapulae  as  far  as  possible  to 
the  sides.  The  exposure  is  made  while  the  breath  is  held  at  the  end  of  a 
deep  inspiration ;  in  this  way,  there  is  a  maximal  amount  of  air  in  the  lung 
at  the  time  of  exposure,  the  intercostal  spaces  are  widened,  the  diaphragm 
stands  at  a  low  level,  and  the  best  view  possible  of  the  lower  parts  of  both 
lungs  is  obtained.  The  patient  should  practice  taking  and  holding  a  few 
deep  breaths  before  the  exposure  is  made,  and  the  operator  should  make 
sure  that  the  instructions  to  be  followed  at  the  time  of  exposure  are  fully 
miderstood. 

In  women,  the  breasts  should  be  displaced  lateralward,  and  held  there 
by  pressure  of  the  plate-holder;  otherwise,  they  give  rise  to  disturbing 
shadows  over  the  lung  areas.  When  the  breasts  are  huge,  it  may  be  advan- 
tageous to  use  ventrodorsal,  rather  than  dorsoventral,  illumination. 

Local  Views. — To  obtain  sharp  pictures  with  maximal  differentiation 
of  the  structures  in  local  areas  in  the  lung,  it  is  best  to  use  small  cones  or 
tubes  to  cut  off  the  peripheral  rays.  This  method  is  especially  useful  in 
making  exposures  of  the  apex,  or  of  a  hilus,  of  one  lung.  Here  the  anti- 
cathode  should  stand  over  the  first  intercostal  space,  in  order  to  avoid  the 
covering  of  the  latter  in  the  negative  by  the  shadow  of  the  second  rib.  The 
center  of  the  bundle  of  rays  is  directed  toward  the  jugulum,  the  head  being 
bent  back  as  far  as  possible. 

Eecently,  a  special  method  of  making  rontgenograms  of  the  upper 
aperture  of  the  thorax  has  been  devised  (Hart  and  Harras).  The  patient 
lies  prone,  the  head  raised  by  a  high  sand-bag,  and  the  chest  supported  by 
a  flat  cushion.  Between  this  cushion  and  the  neck  and  upper  chest  is 
placed  an  18  X  24  plate,  no  plate-holder  being  used.  The  spine  must  be 
straight,  the  shoulder  blades  of  the  two  sides  equidistant  from  the  plate, 
the  head  not  laterally  flexed  nor  rotated.    The  x-rays  pass,  from  behind, 
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through  a  tube  or  cone,  go  directed  that  the  lower  aperture  of  the  tube  forms 
a  plane  parallel  to  that  formed  by  the  upper  aperture  of  the  thorax. 

Stereoscopic  Views  of  the  Ltings. — For  studying  and  precisely  localiz- 
ing cavities,  calcifications,  infiltrations  and  foreign  bodies  in  the  lungs, 
as  well  as  for  examining  pleural  effuaiona,  empyemas,  and  the  air  sacs  of 
pneumothorax,  stereoscopic  rontgenographic  views  are  exceedingly  helpful, 
and  should  be  made  use  of  much  more  often  than  is  at  present  the  custom. 
In  no  other  way  can  such  exact  information  be  arrived  at  regarding  the 
spatial  relations  of  intrathoracic  lesions;  the  situation  of  a  cavity,  for 
example,  can  be  precisely  determined  not  only  in  the  lateral  but  also  in 
the  anteroposterior  direction.  The  technic  of  stereoscopic  work  has  al- 
ready been  described  in  the  section  dealing  with  Examinations  with 
Rontgen  Rays. 

(c)    Appeararwes  of  the  Thorax,  Lung;  Pleurae,  Diaphragm, . 
etc.,  on  X-Ray  Examination 

The  student  should  early  familiarize  himself  witli  the  appearances 
presented  by  the  lungs  and  other  organs  in  the  thorax  on  rontgenoscopy  and 
J  on  rontgenography. 

One  view  only  can  bo 
described  here;  namely, 
that  on  dorsoventral 
transillumination.  The 
two  large  clear  areas 
(Inng  areas)  are  sepa- 
rated from  one  another 
by  the  median  shadow 
(cardiovascular  stripe) ; 
they  are  bounded  above 
and  at  the  sides  by  the 
shadows  of  the  soft  parts 
and  the  bones,  and  be- 
low by  the  two  convex 

_  ; shadows  that  correspond 

i-     .  : to  the  two  halves  of  the 

Fig.    161.— DlagraiD    IlluBtratlng   the    Mode   of    Making   ■   Hinnlirnimi 
RantgenogTHm   of   the   Apiwa   of   the   Langg   Rod   the   "'"F""^'"- 
Bupi^rlor  Aperture  of  tbe  Thorai.     (Atler  C.  Rart  and            The    median    shadow 
r.  tIarrasB.  "Der  Thorai  phtlslcuB,  etc,"  published  bi    / ii • _. . \ 

P.  Enke,  Stuttgart)         "         '■      •   ^  ( cardlovasoular    stnpe) 

is  due  to  the  stemnm,  the 
heart  and  the  great  vessels,  the  mediaatina, 'and  the  spine.  In  the  upper 
third  of  this  median  shadow,  a  lighter  stripe  may  be  seen  corresponding 
to  the  air^containing  trachea.  The  cardiovascular  stripe  will  be  described 
in  detail  undor  the  Circulatory  System. 
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The  shadow  of  the  right  half  of  the  diaphragm  is  ordinarily  on  a  little 
liigher  level,  is  more  intense,  and  moves  less  on  respiration  than  that  of  the 
left  half.  The  pulsating  part  of  the  cardiovascular  stripe  (apex  of  the 
heart)  goes  over  into  the  shadow  of  the  left  half  of  the  diaphragm ;  some- 
times, in  the  latter,  one  can  make  out  a  clear  area  due  to  gas  in  the  stomach 
(soKjalled  "stomach  bubble"). 

The  ribs  are  seen  as  dark  bands  crossing  the  clear  lung  areas ;  the  pos- 
terior portions  of  the  ribs,  concave  below,  are  more  distinct ;  the  anterior 
portions,  with  convexity  downward,  are  less  distinct. 

The  scapula  is  visible  on  each  side  as  a  light  triangular  shadow.  The 
clavicles  yield  a  deeper  shadow  extending  lateralward  and  slightly  down- 
ward from  the  median  shadow.  Lateralward  and  below,  the  edge  of  the 
M.  latissimus  dorsi  is  usually  easily  visible. 

In  the  upright  position,  the  apices  of  the  lungs  may  be  obscured  by  the 
shadows  of  the  first  rib  and  of  the  clavicle,  in  which  event  it  is  necessary 
to  change  the  position  slightly  or  to  move  the  clavicles,  so  as  to  make  the 
apices  accessible  to  observation. 

Normal  Appearance  of  the  Lung  Area. — Even  normally,  certain  shad- 
ows, due  to  the  variable  concentration  of  the  tissues  (lymph  glands,  bron- 
chi, blood  vessels)  within  the  lung,  appear  in  the  otherwise  clear  lung  area, 
giving  it  a  mottled,  or  networklike,  appearance.  These  are  normally  most 
abundant  near  the  hilus.  They  radiate  out  from  it,  and  decrease  in 
intensity,  and  in  number,  as  the  periphery  of  the  lung  is  approached. 

The  hilus,  itself,  yields  a  crescentic  sbiadow  on  each  side  with  processes 
of  varying  intensity  running  out  radially  from  it.  The  whole  of  this 
liilus-crescent  is  visible  on  the  right  side,  but  only  a  part  of  it  can  be  seen 
on  the  left. 

Beneath  the  hilus-crescent  on  each  side  is  a  shadow  passing  downward 
to  the  diaphragm  known  as  the  "companion-shadow  of  the  heart"  .(v. 
Scriegen).  That  on  the  right  side  is  usually  separated  from  the  heart- 
shadow  proper  by  a  narrow  clear  zone. 

The  clearness  of  the  lung  area  depends,  on  the  one  hand,  on  the  hard- 
ness of  the  tube  used  and  the  intensity  of  its  rays,  and,  on  the  other  hand, 
on  the  air  content  of  the  lung,  the  phase  of  respiration,  the  obesity,  and 
the  muscularity  of  the  patient. 

Situation,  Form  and  Motility  of  the  Diaphragm. — The  form  and  posi- 
tion of  the  diaphragm  depend  upon  the  state  of  the  thorax  and  of  the 
thoracic  and  the  abdominal  viscera ;  the  rib-level  of  the  diaphragm  is  of 
relatively  little  significance. 

The  motility  can  easily  be  observed  through  the  fluoroscope.  On  quiet 
breathing,  there  is  a  movement  of  1-3  cm.  on  each  side,  while  on  deep 
breathing  it  may  amount  to  5-7  cm.,  the  right  side,  however,  usually 
descending  somewhat  less  than  the  left. 

Bilateral  elevation  of  the  shadow  of  the  diaphragm  occurs  when  the 
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abdomen  is  distended  (ascites^  tympanites,  pregnancy,  tumors,  obesity). 
That  faulty  notions  may  be  yielded  by  percussion  is  well  demonstrated 
by  x-ray  examination. 

Unilateral  elevation  of  the  diaphragmatic  shadow  is  found:  (1)  in 
unilateral  retraction  of  the  lung  (mobility  also  lessened)  ;  (2)  in  unilateral 
paralysis  of  the  diaphragm;  (3)  in  congenital  atrophy  of  the  diaphragm 
(on  the  left  side) ;  (4)  in  subphrenic  abscess  (lessened,  or  abolished, 
mobility)  ;  and  (5)  sometimes  in  hemiplegia. 

Bilateral  depression  of  the  diaphragmatic  shadow  is  met  with  (1)  in 
emphysema  and  in  rigid  thorax  (with  lessened  mobility)  ;  (2)  in  some 
asthmatic  paroxysms;  (3)  in  bilateral  pleural  effusion;  (4)  and  in  laryn- 
geal stenosis. 

Unilateral  depression  of  the  diaphragmatic  shadow  is  met  with  (1) 
in  unilateral  pleural  effusions  (with  lessened  mobility)  ;  (2)  in  unilateral 
pneumothorax  (extremely  low  position,  shadow  flat  and  inmiobile)  ;  and 
(3)  in  some  acute  asthmatic  attacks,  with  loss  of  mobility. 

Abnormal  respiratory  mobility  of  the  diaphragm  is  met  with  in  various 
states.  In  incipient  iapical  tuberculosis,  the  movement  of  the  half  of  the 
diaphragm  corresponding  to  the  diseased  side  sometimes  lags  behind  the 
other  half  on  respiration  (F.  H.  Williams).  In  serothorax,  in  hemo- 
thorax, and  on  pyopneumothorax,  if  the  fluid  be  not  thick,  its  surface  may 
be  seen  to  rise  on  inspiration  and  to  fall  on  expiration  (paradoxical  dia- 
phragmatic movement  of  Kienboeck).  Opinions  differ  as  to  the  reasons 
for  this. 

Abnormal  forms  of  diaphragmatic  shadow  may  be  seen,  on  deep  inspi- 
ration, when  pleuritic  or  pleuropericardial  adhesions  exist  (angular  notch- 
ings,  wavelike  curves). 

Appearances  in  the  Lung  Areas  in  Pathological  States. — Pathological 
changes  in  the  lungs  are  recognizable  in  x-ray  pictures  as  an  increase  or  a 
decrease  in  the  clearness  in  the  lung  areas,  either  diffusely  over  the  whole 
lung,  or  involving  larger  or  smaller  circumscribed  areas. 

In  emphysema,  for  example,  the  whole  lung  area  on  each  side  is  abnor- 
mally clear,  while  in  chronic  passive  congestion  (cardiac  decompensation), 
owing  to  the  increased  consistence  of  the  lung,  the  areas  are  everywhere 
less  clear  than  normal. 

Circumscribed  lung  shadows  indicate  the  presence  of  solidifications,  or 
of  exudations,  in  the  lungs,  or  of  fluid  or  of  thickenings  in  the  pleurae. 

Nodules  in  the  lung  must  be  of  a  certain  size  in  order  to  cast  visible 
x-ray  shadows.  The  exact  position  of  a  nodule  is  best  shown  by  stereo- 
scopic pictures.  Fluoroscopic  examination  of  lung  shadows  is  useful  only 
for  the  more  extensive  lesions ;  for  finer  changes,  x-ray  photographs  (ront- 
genograms),  taken  while  the  breath  is  held,  are  necessary. 

The  changes  in  the  x-ray  picture  characteristic  of  various  pathological 
states  will  be  described  under  the  several  diseases. 
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Section  II 

SPECIAL  DIAGNOSIS   OF  THE   MORE   IMPORTANT 
DISEASES  OF  THE  RESPIRATORY  SYSTEM 

A.    Diagnosis  of  tlie  Principal  Diseases  of 

tlie  Nose 

We  can  refer  here  only  to  (1)  certain  inflammations  (acute,  chronic 
and  specific),  (2)  epistaxis,  (3)  foreign  bodies  and  parasites,  and  (4) 
the  most  common  tumors  (including  polypi).  Mention  will  also  be  made 
of  (5)  deflections  of  the  nasal  septum,  and  (6)  nasal  hydrorrhea. 
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\.    Inflaminatory  Diseases  of  the  Nose  (Rhinitis) 

(a)    Acute  Rhinitis 

Under  this  heading  may  be  considered:  (1)  the  acute  catarrhal  form 
of  acute  rhinitis,  (2)  the  purulent  form  of  acute  rhinitis,  (3)  the  pseudo- 
membranous form  of  acute  rhinitis,  and  (4)  hay  fever. 

L    Acute  Catarrhal  Rhinitis 

{Rhimtis  catarrhalis  acuta.  Common  Cold  in  the  Head,  Coryza) 

There  is  hyperemia  and  swelling  of  the  nasal  mucous  membrane, 
together  with  the  secretion  of  a  thin,  clear,  strongly  alkaline  fluid  con- 
taining swollen  epithelial  cells,  leukocytes,  and  bacteria  (few  at  first,  abun- 
dant later).  Usually  we  see  redness,  and,  sometimes,  erosion  and  scabbing 
of  the  anterior  nares.  Sometimes  the  inflammation  extends  to  the  para- 
nasal sinuses  or  to  the  conjunctivae. 

An  acute  catarrhal  rhinitis  may  be  primary  (due  to  bacteria  in  the 
nose,  exposure  to  cold  predisposing  to  infection),  or  secondary,  as  a  part 
of  some  general  disease  (influenza,  measles,  scarlet  fever,  etc.).*  A  me- 
chanical or  chemical  rhinitis  is  sometimes  seen  (dust,  irritating  vapors, 
iodism). 

Symptoms. — In  the  premonitory  stage,  the  patient  feels  chilly,  ill  at 
ease,  and  "stuffy  in  the  head" ;  he  begins  to  sneeze,  to  have  itching  or 
prickling  sensations  in  the  nasal  passages  and  in  the  eyes,  and,  perhaps, 
complains  of  headache,  backache,  and  slight  pains  in  the  extremities. 
Anterior  rhinoscopy  reveals  hyperemia  of  the  nasal  mucosa,  and,  a  little 
later,  a  profuse  serous  discharge.  The  temperature  undergoes  slight  eleva- 
tion. The  patient  is  soon  forced  to  breathe  through  the  mouth,  which 
dries  the  throat  and  parches  the  tongue.  On  the  second  or  third  day  the 
discharge  thickens,  becoming  mucoid,  then  purulent;  the  general  consti- 
tutional symptoms  abate;  by  the  end  of  a  week  or  ten  days,  in  uncom- 
plicated cases,  the  attack  is  over. 

Complications  and  Seqnelae. — Paranasal  sinusitis,  laryngitis,  otitis 
media,  chronic  nasal  catarrh. 


^  Typhoid  fever  is  almost  never  ushered  in  by  an  acute  rhinitis. 
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ii»    Acute  Pondent  Rhinitis 

(Rhinitis  purulenta  acuta.  Blennorrhea) 

In  this  condition,  there  is  reddening,  and  swelling,  of  the  nasal  muoons 
membrane.  The  secretion  is  mucopurulent,  or  may  consist  of  pure  pus ; 
it  is  often  fetid.  Erosions  and  scab  formations  at  the  anterior  nares  and 
on  the  upper  lip  are  common.  The  secretion  is  often  abundant,  sometimes 
aecumtdating  in  the  paranasal  sinuses  (empyema  of  sinus)  and  then  often 
maintaining  the  inflammation  for  some  time.     (See  Sinusitis.) 

Etiology. — The  origin  is  always  bacterial  (streptococci,  pneumococci, 
staphylococci,  meningococci,  influenza  bacilli,  etc.).  Certain  predisposing 
factors  should  be  kept  in  mind  (foreign  bodies^  tumors^  infectious  granu- 
lomata). 

Oomplications. — There  may  be  an  extension  (1)  to  the  pharynx  and  to 
the  larynx  (pharyngitis,  laryngitis) ;  (2)  through  the  eustachian  tube  to 
the  middle  ear  (otitis  media)  ;  or  (3)  through  the  lymph  sheaths  of  the 
Nervi  olfactorii  to  the  cranial  cavity  (meningitis).  The  disease  may  go 
on  to  a  chronic  purulent  or  to  an  atrophic  stage.     (See  Ozena.) 
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iii.    Acute  Pseudemembinimns  Rhinitis 

(Rhinitis  pseudomembranacea) 

Here,  a  yellowish-white  or  greenish  deposit,  more  or  less  adherent, 
can  be  seen  upon  the  swollen,  reddened  mucous  membrane;  it  can  be  pulled 
off  in  shreds,  or  as  a  definite  false  membrane.  It  may  be  due  to  infection 
with  streptococci,  pneumococci  or  diphtheria  bacilli  (bacteriological  exami- 
nation). 
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iv.    Hay  Fever 

Deflnition. — ^A  more  or  less  severe  inflammation  of  the  mucous  mem- 
branes of  the  nose,  throat,  and  bronchi,  occurring  in  susceptible  persons 
in  the  spring  or  in  the  autumn,  and  caused  by  the  inhalation  of  pollens 
of  certain  plants. 

Historical. — The  disease  was  formerly  believed  to  be  a  neurosis.  In 
1873,  Blackley  pointed  to  the  periodic  occurrence  of  the  affection,  and 
established  h  relationship  to  the  prevalence  of  certain  pollens  in  the  air  at 
these  periods.  A  most  careful  scientific  study  of  the  relations  of  pollens 
to  the  diseiase  has  been  made  by  Dunbar. 

Etiology. — The  albumins  of  certain  pollens  act  as  intense  irritants  to 
the  respiratory  mucosa  of  certain  susceptible  people.  Quantities  of 
the  isolated  albumin  of  the  pollen  as  small  as  one  forty-thousandth  of  a 
milligram  can  yield  a  reaction  in  sensitive  persons.  The  condition  is 
almost  certainly  one  of  anaphylaxis,  at  least  in  part. 

There  are  two  periods  in  which  hay  fever  is  prevalent,  the  spring 
(early  June)  and  the  early  autumn  (middle  or  late  August)  ;  the  hay  fever 
occurring  in  the  spring  is  known  as  Vernal  Hay  Fever,  June  Cold,  Hose 
Fever,  or  European  Ilay  Fever,  that  occurring  in  the  late  summer  and 
autumn  as  Autumnal  Catarrh,  or  North  American  Hay  Fever. 

In  the  spring,  the  pollens  of  the  Graminae  and  of  the  Cyperaceae  are 
toxic,  as  are  also  those  of  privet,  lily  of  the  valley,  thistle,  swamp-pink, 
hairy  Solomon's  Seal,  rape,  green  cabbage,  and  spinach. 

In  the  autumn,  the  pollens  of  the  Ambrosiaceae  (rag-weed)  and  of  the 
Solidago  (golden-rod  family)  are  most  important;  in  addition,  those  of 
asters,  chrysanthemums,  daisies,  and  blue-bottles  appear  to  be  active. 

Why  some  persons  are  susceptible  to  pollens  and  others  not  is  still  a 
mystery.  Among  hay  fever  sufferers,  there  are  marked  differences  in 
susceptibility  to  the  several  pollens;  some  are  sensitive  to  one  kind  of 
pollen  only,  others  to  a  variety  of  pollens.  Those  that  suffer  in  the  spring 
are  often  immune  in  the  autumn  and  vice  versa;  a  few  are  susceptible  to 
both  the  vernal  and  the  estivo-autumnal  pollens. 

The  disease  often  causes  marked  depression  and  other  nervous  symp- 
toms, but  it  is  no  more  prevalent  among  persons  generally  psychoneurotiq 
than  among  others.  Nor  has  the  disease  any  relation  to  local  abnormalities 
of  the  nose,  such  as  enlarged  turbinates. 

Symptoms. — In  affected  persons,  the  disease  comes  on  about  the  same 
time  every  year,  corresponding  to  the  period  when  the  pollen  concerned  is 
present  in  the  inspired  air.  After  a  day  or  two  of  slight  nasal  and  con- 
junctival irritation  with  sneezing,  a  severe  coryza  develops ;  there  is  itching 
and  burning  of  the  nose,  eyes,  and  larynx  with  profuse  serous  nasal  dis- 
charge requiring  the  constant  use  of  handkerchiefs  in  relays.  The  nose 
soon  becomes  obstructed,  preventing  nasal  breathing;  inspection  through 
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a  speculum  reveals  swollen,  intensely  hyperemic  conchae,  which  can  tem- 
porarily be  shrunken  with  an  epinephrin  spray,  after  which  by  palpation 
with  a  blunt  probe  hypersensitive  areas  on  the  anterior  extremities  of  the 
conchae  and  on  the  septum,  may,  if  desired,  be  marked  out.  The  conjunc- 
tival and  laryngeal  symptoms  are  often  marked ;  not  a  few  patients  suffer 
from  distressing  attacks  of  bronchial  asthma  at  the  height  of  their  hay 
fever.  The  constitutional  symptoms  (headache,  malaise,  general  weakness, 
palpitation,  insomnia,  mental  depression)  vary  considerably  in  different 
eases.    Autumnal  attacks  end  after  a  hard  frost 

The  sneezing  reflex  is  often  set  free  by  exposure  to  bright  sun-light. 

Patients  that  spend  the  hay  fever  season  in  regions  free  from  the 
causative  pollens  remain  free  from  attacks.  Thus  those  that  suffer  from 
the  autumnal  type  are  free  from  the  disease  while  on  the  ocean  (far  enough 
from  shore),  or  while  in  Europe  where  there  is  practically  no  rag-weed 
or  golden-rod.  In  the  United  States,  many  patients  are  free  from  attacks 
in  the  White  Mountains,  especially  at  Bethlehem,  N.  H.  The  Hay  Fever 
Association  publishes  a  list  of  places  suitable  for  sufferers. 

A  favorite  resort  for  hay  fever  sufferers  of  both  the  United  States  and 
Canada  is  the  Georgian  Bay  (among  its  30,000  islands)  ;  other  places,  rela- 
tively immune,  include  Chester  (Xova  Scotia),  Murray  Bay  (Quebec), 
Muskoka  (Ontario),  and  Mackinac  Island  (Michigan).  In  the  pine-woods 
on  the  divide  in  Northern  Wisconsin  (Trout  Lake),  many  patients  are 
entirely  free  from  hay  fever.  In  all  places,  the  irritation  is  less  when  the 
wind  blows  off  the  water,  than  when  there  is  a  land-breeze,  laden  with 
pollen.  Flowers  in  a  living  room  or  in  a  sleeping  room  may  be  provoca- 
tive of  an  attack. 

Patients  compelled  to  live  in  poUenous  districts  during  the  hay  fever 
periods  should  stay  in-doors  and  avoid  dust  as  much  as  possible.  Experi- 
ments are  being  made  with  antitoxins  (pollantin),  and  with  prophylactic 
pollen-inoculations,  but,  thus  far,  with  results  not  wholly  satisfactory. 
Oppenheimer,  Clowes  and  others  advise  testing  the  sensitiveness  of  the 
skin  and  mucous  membranes  to  dilute  solutions  of  proteins  derived  from 
various  pollens  in  order  to  determine  which  pollen  is  responsible,  and  if 
possible  to  bring  about  anti-anaphylaxis  by  desensitizing  methods.  The 
physician  should  protect  the  hay  fever  patient  from  the  useless  nasal 
operations  of  overzealous  surgical  enthusiasts! 
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(6)    Chronic  Rhinitis 

Three  forms  may  be  distinguished:  (1)  chronic  nasal  catarrh;  (2) 
chronic  purulent  rhinitis,  and  (3)  chronic  atrophic  rhinitis. 

L    Qironic  Nasal  Gatanii 

(Rhinitis  catarrhalis  chronica) 

There  may  be  only  slight  redness  and  swelling  of  the  nasal  mucous 
membrane,  often  visible  only  in  patches ;  the  secretion  is  mucopurulent,  and 
tenacious.  This  type  of  nasal  catarrh  is  often  an  occupation  disease,  due 
to  dust  (city-dwellers,  millers,  stokers,  stone-workers,  screw-makers,  etc.). 
It  is  predisposed  to  by  anything  that  narrows  the  nasal  passages,  e.  g.^  a 
deflected  septum. 


iL    Chronic  Pandent 

(Rhinitis  purulenta  chronica) 

This  state  often  follows  the  acute  purulent  form  of  rhinitis.  The 
mucous  membrane  is  red  and  swollen ;  there  is  a  long-continuing  purulent 
secretion.  The  turbinated  bones,  and  the  mucosa  over  them,  undergo 
hyperplasia  (protective  or  hyperplastic  rhinitis).  The  mucous  membrane 
of  the  lower  concha  may  be  diffusely  thickened,  or  may  present  cauliflower- 
like  excrescences ;  occasionally,  the  periosteum  is  thickened.    Similar  pro- 
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liiel^atioils  maj  occui'  in  the  paranasal  sinuses.  Closure  of  their  openings 
leads  to  chronic  empyemas  of  the  sinuses,  which  may  cause  atrophy  of  the 
bony  wall  and  extension  of  the  suppuration  into  the  nose,  the  orbit,  the 
cranial  cavity  or  the  subcutaneous  tissue.  There  is  danger  of  meningitis^ 
of  sinus  thrombosis  and  of  cerebral  abscess  (see  Sinus  Disease). 

in.    Chronic  Atrophic  Rhinitis 

(Rhinitis  chronica  atrophica;  Ozena) 

This  condition  is  usually  the  sequel  of  a  hyperplastic  rhinitis;  the 
mucous  membranes  and  the  conchae  waste  away;  the  ciliated  epithelium 
is  replaced  by  flat  epithelium ;  there  is  atrophy  of  the  glands  and  widening 
of  the  nasal  cavities ;  the  scanty  purulent  secretion  tends  to  accmnulate  in 
the  form  of  greenish,  dry  scabs  and  crusts ;  decomposition  of  the  secretions 
yields  the  foul  odor  characteristic  of  the  disease  (ozena). 
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(c)    Specific  Inflammations  of  the  Nose 

The  two  more  important  ones  are:  (1)  tuberculosis  and  (2)  lues; 
the  three  less  commonly  met  with  are:  (1)  glanders,  (2)  leprosy,  and 
(3)  rhinoscleroma. 

L    Nasal  Tuberculosis 

Three  forms  are  met  with: 

(1)  Tuberculous  ulcers^  in  phthisical  patients,  usually  in  the  naso- 
pharynx; (2)  tuberculous  granulomatay  broad-based  tumors,  most  often 
occurring  on  the  cartilaginous  septum,  occasionally  presenting  grayish-red 
ulcerating  or  fungous  surfaces;  these  are  not  as  a  rule  associated  with 
pulmonary  phthisis;  and  (3)  lupus,  usually  occurring  at  the  vestibule 
of  the  nose,  or  in  the  nasopharynx. 
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ii.    Nasal  SyphiBs 

This  may  be  congenital  or  acquired.  Coryza,  leading  to  a  stubborn, 
chronic  nasal  catarrh,  is  often  the  first  sign  of  hereditary  lues;  occasion- 
ally, ulceration  of  the  septum  occurs. 

In  acquired  nasal  syphilis,  the  lesions  may  be  primary  (external 
chancre),  secondary  (macules  and  papules  on  the  mucous  membrane),  or 
tertiary  (periosteal  or  perichondria!  gummata,  which  quickly  break  down 
and  give  rise  to  syphilitic  ozena;  perforation  of  the  septum).  Later, 
saddle  nose  and  internal  deformations  are  common.  The  Treponema  pal- 
lidum can  often  be  demonstrated  in  the  lesions,  and  the  Wassermann  re- 
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action   is  positive.     Entirely  similar  pathological  changes  occur  in  the 
nose  in  tertiary  yaws  (gangosa,  q.  v.). 

References 

Gerber  (P.  If.).    Die  Syphilis  der  Nose,  des  HaUes  und  des  Okres.    Berlin^  1910, 8.  Karger, 

lUP'    4  pi'    ^. 

Goodale  (J.  L.).    Syphilis  of  the  cartUaginaue  septum.    Ann,  Otol.f  Rhinol.  &  Laryngol., 

St.  Louis,  1904,  xiii,  8-18. 

Knight  (C  If.)*     The  sequelae  of  syphilis  and  their  treatment;  nasal  sequelae.    Tr.  Am. 

Laryngol.  Ass.,  New  York,  1897,  160-161. 

Martin  (H.  H.).    Syphilis  of  the  nose  and  throat.    South.  M.  J.,  NashmUe,  1913,  vi,  19. 

Strandherg  (O.)-    Bemerkungen  Hber  die  Differentialdiagnose  zwischen  Tuberhdose  und 

Syphilis  der  SchleimhdtUe  der  oberen  Luflwege.    Ztschr.  f.  Laryngol., 
Rhinol.  [etc.],  WUrzburg,  1914,  vii,  1-7. 

Thornton  (St.  C.)-    The  rhinitis  of  inherited  syphilis.    J.  Laryngol.,  London,  1899,  xiv, 

896-898. 

2.    Epistaxis 

Hemorrhage  from  the  nose  (epistaods)  may  result  from  hyperemia 
(active  or  passive),  trauma,  severe  infection  (especially  typhoid),  arterial 
hypertension  (nephritis,  atherosclerosis),  or  hemorrhagic  diathesis 
(anemia,  chlorosis,  leukemia,  scurvy,  multiple  telangiectasis,  etc.)  ;  occa- 
sionally, it  is  due  to  vicarious  menstruation.  In  severe  cases,  life  may  be 
endangered  unless  the  bleeding  vessel  be  obliterated  by  the  application  of 
the  thermocautery  or  the  nose  be  plugged  both  in  front  and  behind.  In 
every  case  the  bleeding  point  should  be  sought  for ;  it  will  be  found  most 
often  on  the  anterior  third  of  the  cartilaginous  part  of  the  septum. 
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3.    Foreign  Bodies  and  Parasites  in  the  Nosie 

In  children,  buttons,  beads,  pins,  coins,  beans,  peas,  screws,  etc.,  may 
be  found  lodged  in  the  nasal  passages  above  or  below  the  inferior  concha* 
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Bhinoliths  are  uncommoiL    Ascaris  and  oxyuris  are  occasionally  present 
in  the  nose.    In  vagrants,  fly  larvae  may  fill  the  nostrils. 

When  the  presence  of  a  foreign  body  is  suspected^  the  open  nostril 
should  be  closed  and  the  patient  told  to  blow  through.  If  this  does  not 
reveal  the  object,  one  may  try  blowing  air  into  the  free  nostril  with  a 
PoUitzer  bag.  If  the  foreign  body  be  tightly  wedged  in,  one  should  locate 
it  with  the  speculum  under  bright  illumination,  after  which  it  may  be 
possible  to  pass  a  delicate,  blunt,  hook-shaped  sound  around  it  In  look- 
ing for  a  foreign  body,  it  is,  in  general,  wise  to  avoid  the  use  of  forceps 
and  to  take  care  not  to  dislocate  the  foreign  body  backwards  on  account 
of  the  danger  of  its  falling  into  the  larynx.  If  blood  clots  are  present 
and  make  inspection  difficult,  the  passages  may  first  be  cleansed  by  an 
alkaline  spray;  when  the  soft  parts  are  swollen,  a  spray  of  cocain  (4  per 
cent)  and  epinephrin  (0.1  per  cent)  may  be  used  to  shrink  thenu 
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4.    Tumors  of  the  Nose;  Nasal  Polypi 

The  most  common. tumor  of  the  nose  is  a  fibroma,  which  occurs  as  a 
gelatinous,  polypoid  mass  of  variable  size  on  the  lateral  wall.  Polypi  are 
often  a  sign  of  underlying  disease  of  the  paranasal  sinuses.  Hard  fibro- 
mata (nasopharynx,  paranasal  sinuses),  fibro-adenomata,  and  carcinomata 
are  much  rarer. 
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S.    Deflections  and  Distortions  of  the  Nasal  Septum 

Oocmenoe. — ^Normally  the  aeptum  should  be  vertical,  dividing  the  nasal  cavity 
into  two  equal  parts.  Slight  deviations  from  the  normal  are  of  no  importance, 
but  in  many  persons  there  is  a  marked  curving  or  bending  to  one  side  {deflection 
of  the  septum).  The  deflection  may  be  (1)  a  gentle  curve  of  the  entire  septum, 
(2)  a  wavy  line  of  curvature  involving  most  of  the  septum,  or,  (3)  a  sharp  curve 
or  a  bend  of  a  circumscribed  area  of  the  septum.  Small  projections  from  the 
surface  of  the  septum  are  known  as  nasal  spurs;  a  single  spur  or  several  spurs 
may  be  present. 

The  majority  of  septal  deviations  are  developmental,  depending  either  upon 
delayed  dentition  and  irr^^ar  eruption  of  the  incisor  teeth,  or  upon  failure  of  the 
bard  palate  to  develop  properly. 

Symptoms. — Spurs  or  deflections  that  do  not  interfere  with  nasal  function 
need  no  especial  consideration,  but  if  the  lesion  obstruct  breathing,  hinder  the  free 
flow  of  secretions  from  the  paranasal  sinuses  into  the  nose,  or  cause  irritation  by 
coming  into  contact  with  the  mucosa  of  the  conchae,  symptoms  develop.  These 
may  consist  of  (1)  a  feeling  of  stuffiness  in  the  nose  due  to  obstruction,  (2)  ma- 
tutinal frontal  headache,  (3)  asthmatic  attacks  through  reflex  irritation,  or  (4) 
chronic  nasal  catarrh. 

Diagnosis. — Any  of  the  symptoms  above  mentioned  should  lead  to  a  careful 
examination  of  the  nose.  On  riiinoscopy,  the  abnormality  of  the  septum  will  be 
easily  visible,  and  in  many  cases  secondary  changes  in  the  nasal  mucosa  or  in  the 
paranasal  sinuses  can  be  made  out. 

One  of  the  definite  advances  of  modem  rhinology  has  been  the  introduction  of 
the  simple  operation  of  submucous  resection  of  the  septum  in  these  cases. 

References 

Bergeat  (IT.)*    Di^  Aetiologie  der  Verbiegungen  und  AuswiOchse  am  OerHste  des  Nasen^ 

septums,    Monatsschr.  f.  Ohrenh.,  Berlin,  18$6,  xxx,  486-496. 

Bert  (Cr.  M«  /•)•    Traitement  des  deviations  de  la  cloison  nasale.    Bordeaux,  1901.    8^. 

Blane  (F.)«    Variitis  diniques  el  traitement  chirurgical  des  deviations  de  la  cloison  des  fosses 

nasdUs.    Lyon,  1995.    8^. 

Casselherry  (W.  E.).    Deformities  of  the  septum  narium;  their  classification  with  a  view  to 

treatment.    J.  Am.  M.  Ass.,  Chicago,  1899,  xxxii,  4^P-47/. 

fisher  {L.).    One  thousand  submucous  resections  of  the  nasal  septum;  wHat  I  have  learned 

in  performing  them.     New  York  M.  J.  [etc.],  1915,  ci,  1068-1062. 

Freer  {O.  T.).    Deflections  of  the  nasal  septum;  a  critical  review  of  the  methods  of  their  cor* 

rection  by  the  window  resection,  with  a  report  of  116  operations.    Ann. 
Otol.,  Rhinol.  &  Laryngol.,  St.  Louis,  1995,  xiv,  218-266. 

Goldmann  (E.  E.)  &  Killian  (G.).     Ueber  die  Verwendung  der  XSlrahlen  fUr  dieBestim- 

mung  der  ncualen    NebenhOhlen  und  ihrer  Erkrankung.    Beitr.  z,  klin. 
Chir.,  TObingen,  1907,  lio,  1-22. 

Jackson  (C).    Failures  in  attempted  correction  of  septal  deviation.    Tr.  Am.  Laryngol., 

Rhinol.  dt  Otol.  Soc.,  1902,  New  York,  190S,  viii,  SS2-S4S. 


L 


560    DISEASES   OF   THE    RESPIRATORY,  APPARATUS 

Katz  (Leo).    Die  Krankheiten  der  Naaermcheidewand  und  xhre  Behandlung.    WarAurg, 

1908,  C.  KabUzsch,    179  p.    8  pi.    5**. 

Killian  ((?.)•     Die  submucdse  Fensterresektum  der  Nasenscheideuxind.    Arch.  /.  LaryngoL 

&  RhinoL,  Berlin,  1904,  xvi,  S62-S87, 

Kyle  ip.  B.).     Appropriate  treatment  for  certain  varieties  of  nasal  deflections  and  redundancy. 

Tr.  Am.  Laryngol,  Rhinol.  &  Otol.  Soc.,  1899,  New  York,  1900,  »,  66-77. 


6.    Nasal  Hydrorrhea;  Rhinorrhea 

In  neurotic  persons,  attacks  of  watery  discharge  from  the  nose  (hydrorrhea) 
are  not  uncommon.  They  are  probably  of  vasomotor  origin,  and  are  sometimes 
described  as  attacks  of  coryza  vasomotoria. 

In  some  instances,  known  as  cerebrospinal  rhinorrhea,  an  actual  flow  of  cerebro- 
spinal fluid  from  the  nose  has  been  observed  (L.  Hektoen). 
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B.    Diagnoses  of  Diseases  of  the  Paranasal 

Sinuses 

1.  General  Remarks  on  the  Diagnosis  and  Differential 
Diagnosis  of  Inflammatory  Diseases  of  the  Paranasal 
Sinuses 

Before  the  application  of  the  methods  of  transillumination  and  of  ront- 
genography  to  the  study  of  sinus  disease,  physicians  had  to  depend  for 
the  diagnosis  of  these  affections  upon  (1)  the  subjective  symptoms,  and 
(2)  rhinoscopic  examination.  While  these  older  methods  are  still  of 
very  great  value  and  should  be  employed  in  every  case,  the  introduction 
of  the  two  newer  methods  above  mentioned  has  revolutionized  the  clinical 
study  of  diseases  of  the  paranasal  sinuses  and  permits  us  to  make  diagnoses 
much  more  easily  and  certainly  than  formerly ;  very  often,  too,  with  their 
aid  it  is  possible  to  avoid  some  of  the  intranasal  diagnostic  operations 
which  were  formerly  necessary. 
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For  clinical  purposes  it  is  convenient  to  divide  the  paranasal  sinuses 
into  two  series:  (1)  the  paranasal  sinuses  of  the  first  series,  or  those  that 
empty  into  the  middle  meatus ;  this  series  includes  the  maxillary  sinus  or 
antrum,  the  frontal  sinus,  and  the  anterior  ethmoid  labyrinth;  (2)  the 
paranasal  sinuses  of  the  second  series,  namely,  those  whose  caviti^  open 

into  the  olfactory  fissure  or 
superior  meatus ;  to  this 
eeries  belong  the  posterior 
ethmoid  cells  and  the  sphe- 
noidal sinus. 

If  on  rhinoscopic  exam- 
ination pus  quickly  reappear 
after  the  nose  has  been  me- 
chanically cleaned,  the  first 
question  we  ask  ourselves  is: 
Is  the  suppuration  in  a  para- 
nasal sinus  belonging  to  the 
first  series  or  to  the  second 
series?  If  the  pus  reappear 
in  the  middle  meatus,  either 
in  front,  below  the  anterior 
half  of  the  middle  concha, 
or,  owing  to  obstruction  to 
forward  flow,  behind,  above 
the  inferior  concha,  then  we 
know  that  we  must  be  deal- 
ing with  a  disease  of  the  an- 
trum, of  the  frontal  sinus,  or 
of  the  anterior  ethmoidal 
labyrinth,  or,  possibly,  with 
simultaneous  involvement  of  two  or  three  of  the  paranasal  sinuses  of 
the  first  series.  If,  on  the  contrary,  the  pus  appear  in  front  in  the  ol- 
factory fissure,  or  in  tfajs  superior  meatus  above  the  middle  concha,  we  know 
it  must  come  from  one  or  both  of  the  paranasal  sinuses  of  the  second  series, 
that  is,  from  the  posterior  ethmoidal  cells  or  from  the  sphenoidal  sinus. 
The  next  step  in  the  investigation  is  to  decide  upon  the  particular 
sinus  in  a  series  whence  the  pus  is  derived.  In  this  connection,  a  few 
points  may  be  emphasized: 

(1)  Disease  of  the  maxillary  sinus  is  by  far  the  most  common  of  the 
sinus  diseases.  With  the  patient  in  the  upright  position,  the  flow  of  pus 
from  a  maxillary  sinus  is  usually  intermittent,  but  the  flow  can  be  in- 
creased by  inclination  of  the  head  forward;  while  the  flow  of  pus  from 
a  frontal  sinus  is  often  continuous,  and  the  outflow  is  diminished  when 
the  head  is  bent  forward. 


Pig.  WX — Diagram  Showing  the  Relations  of  the 
Paranatol  Slnunes  to  tbo  niatus  scmllunarla. 
B.m. — Maxillary  Sinuff  :  s.f. — Frontal  SinnR  ;  8.e. 
— Ethmoidal  Sinus  ;  s.Rph. — Sphenoidal  Sinus  ; 
o.m. — Maxillary  Ostium  :  o.f. — Fron^l  Ostium. 
(After  M.  Ilajok.  "Nebenhfihlen  der  Nase,"  pub- 
lished by  F.  Dcutiche,  Leipzig.) 
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(2)  X-ray  examination  and  transillumination  will  reveal  sliadowB  in 
the  aflFected  sinuses ;  sinuses  that  are  entirely  clear  on  these  two  methods 
of  examination  rarely  need  further  investigation* 

(3)  It  is  often  possible  to  probe,  or  to  irrigate,  the  maxillary  sinus^ 
either  through  the  sinus  maxillaris,  or  through  an  accessory  opening. 
When  this  is  not  feasible,  an  exploratory  pimcture  with  a  hollow  needle 
can  easily  be  made,  when  indicated,  through  the  lateral  wall  of  the  inferior 
meatus,  and  the  cavity  washed  out. 

(4)  If  antral  disease  be  excluded,  and  it  is  known  that  pus  is  being 
discharged  into  the  middle  meatus,  it  must  come  either  from  a  frontal 
sinus,  or  from  the  anterior  ethmoidal  cells.  To  differentiate  between  these 
two  sources,  the  x-ray  examination  often  suffices,  but  it  is  sometimes 
necessary  to  remove  the  anterior  portion  of  the  middle  concha  and  any 
polypi  or  hypertrophied  mucous  membrane  in  the  neighborhood,  after 
which  the  openings  of  the  frontal  sinus  and  of  the  anterior  ethmoidal 
cells  are  accessible  to  rhinoscopic  study.  It  must  not  be  forgotten  that 
when  one  paranasal  sinus  is  diseased  another  may  be  simultaneously 
affected. 

(5)  In  the  differentiation  between  disease  of  the  posterior  ethmoidal 
cells  and  disease  of  the  sphenoidal  sinus,  after  the  establishment  of  the 
fact  that  the  discharge  is  into  the  olfactory  fissure  or  superior  meatus,  and 
not  into  the  middle  meatus,  we  proceed  by  (a)  making  an  x-ray  examina- 
tion, and  (b)  following  the  suppuration  to  its  source,  removing,  when 
nec^sary,  obstacles  to  the  observation  of  this  source  by  intranasal  oper- 
ation. 

The  general  practitioner  cannot  be  expected  to  command  all  the  special- 
istic  methods  of  examination  required  in  the  study  of  disease  of  the 
paranasal  sinuses.  He  should,  however,  be  familiar  with  the  subjective 
symptoms  and  the  complaints  of  patients  that  suffer  from  disease  of  these 
sinuses,  and  shoidd  be  able  to  decide  when  it  is  necessary  to  call  specialists 
to  his  aid. 

Inflammations  may  extend  to  (1)  the  maxillary  sinus,  or  antrum  of 
Highmore,  (2)  the  frontal  sinus,  (3)  the  ethmoid  cells,  or  (4)  the  sphe- 
noid cells. 

Causes  of  Sinusitis. — These  include  primary  infections  of  the  mucous 
membrane  in  influenza,  pneumonia,  scarlet  fever,  measles,  etc.,  and  second- 
ary infections  by  extension  from  the  teeth  (to  the  antrum),  or  as  complica- 
tions in  tuberculosis,  lues,  trauma,  etc. 
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2.    Maxillary  Sinusitis 

{Maxillary  Antritisy  Antrum  Disease) 

Definition. — An  inflammation  (catarrhal  or  suppurative)  of  the  sinus 
maxillaris,  due  to  infection,  arising  usually  by  extension  from  the  nose, 
or  from  the  root  of  a  tooth,  most  often  from  the  second  bicuspid  or  the 
first  molar  tooth,  the  roots  of  which  are  nearest  to  the  floor  of  the  antrum. 

Symptoms. — The  patient  may  complain  of  a  foul-smelling  discharge 
from  one  side  of  the  nose,  or  of  pain,  either  directly  over  the  antrum  or 
radiating  from  it  into  the  side  of  the  face.  If  the  pus  has  been  swallowed 
for  some  time,  there  may  be  digestive  disturbances  or  anemia;  metastatic 
infections  involving  the  kidneys  or  the  joints  are  not  uncommon  complica- 
tions. In  one  of  Crowe's  cases,  the  pus  from  an  infected  antrum  had 
passed  backward  along  the  N.  m axillaris  into  the  skull  cavity  and  given 
rise  to  an  extradural  abscess  over  the  temporal  lobes  and  to  a  meningitis. 
When  the  antritis  is  secondary  to  rhinitis,  an  examination  of  the  nose  will 
reveal  the  primary  condition ;  when  it  is  secondary  to  an  infected  tooth, 
there  may  be  pain  in  the  teeth  on  the  affected  side,  and  a  dental  rontgeno- 
gram  may  reveal  the  particular  tooth  at  fault. 

Transillumination  of  the  antrum  (q.  v.)  will  reveal  a  shadow  if  there 
be  an  exudate  in  the  antrum,  if  its  walls  be  thickened,  or  if  the  cavity 
be  filled  by  polypoid  excrescences.  Occasionally,  a  darkening  is  due  to 
thickened  bone  or  to  the  absence  of  an  antrum  on  one  side.  Similarly,  a 
rontgenogram  of  the  two  antra  will  reveal  differences  in  density  on  the 
two  sides.  The  x-ray  photograph  should  be  so  taken  that  the  frontal  sinuses, 
the  ethmoidal  cells,  and  the  antra  of  the  two  sides  shall  show  on  the  same 
plate,  as  it  is  necessary  to  compare  the  two  sides.  The  x-ray  operator 
should  avoid  any  superimposition  of  the  foramen  magnum  and  of  the 
base  of  the  skull  over  the  antra. 

Occasionally,  after  a  menthol  or  a  cocain  spray,  the  antrum  will  be 
Been  to  drain  into  the  nose  (middle  meatus)  ;  but  sometimes  it  is  necessary 
to  open  the  antral  wall,  either  through  the  nose,  or  from  the  mouth  through 
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the  alveolar  process.     In  passing  a  trocar  into  the  antrum,  great  caution 
should  be  observed,  since  examiners  before  now  have  passed  it  into   the 
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orbit,  or  into  tlie  tissue  on  the  far  side  of  the  antrum!  When  a  chronic 
purulent  condition  has  lasted  for  some  time,  fistula  formation  may  occur, 
with  necrosis  of  bone  and  the  development  of  polypoid  growths.  It  should 
not  be  forgotten  that  a  purulent  discharge  originating  in  a.  frontal  sinus 
or  in  the  anterior  ethmoidal  cells  may  drain  into  an  antnim,  thus  giving 
rise  to  a  pyosinus. 

Differential  Diagnosis. — In  acute  cabes,  there  may  be  swelling  of  the 
cheek,  lip  and  eyeliHs  on  the  affected  side.  One  may  at  first  suspect  (1) 
facial  erysipelas,  but  examination  and  the  anamnesis  should  exclude  it, 
since  in  erysipelas  the  swelling  is  in  the  skin  itself,  not  in  the  deeper 
parts;  the  patient  may  have  had  several  earlier  attacks,  and  the  swelling 
will  have  begun  at  the  nose. 

We  next  rule  out  (2)  furuncle  of  the  upper  Up  with  infection  of  the 
facial  veins ;  the  anamnesis  and  the  site  of  the  original  furuncle  are  usually 
decisive. 
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It  is  sometimes  difficult  to  diflferentiate  (3)  a  maxillary  periostitis 
from  an  acute  flare-up  of  antral  disease ;  in  both  there  may  be  swelling  of 
the  face,  and  tenderness  on  pressure  in  the  canine  fossa.  But  the  anam- 
neses differ;  in  ordinary  periostitis,  the  patient  will  have  had  a  preced- 
ing toothache,  and  on  examination  a  carious  tooth,  or  a  tooth  tender  on 
pressure,  will  be  found,  while  in  acute  maxillary  sinusitis,  a  history  of  a 
preceding  coryza  or  influenza  will  be  elicitable ;  or  if  there  is  an  exacerba- 
tion of  chronic  antral  disease,  there  will  be  a  history  of  periodic  discharge 
of  pus  and  perhaps  of  blood  from  the  nose.  The  soft  parts  of  the  face  are 
l^s  swollen  in  sinus  disease  than  in  maxillary  periostitis ;  the  tenderness 
in  the  former  is  diffuse  over  the  maxilla,  reaching  as  far  as  the  lower 
margin  of  the  orbit,  often  accompanied  by  infra-orbital  neuralgia,  whereas 
in  periostitis,  the  tenderness  is  most  marked  at  the  alveolar  process  of 
the  upper  jaw. 

In  CHRONIC  CASES,  rhiuoscopy  reveals  hypertrophy  of  the  mucosa  of 
the  middle  concha,  and  often  polypi  in  the  nose.  If  there  be  no  obstruc- 
tion to  the  orifice  of  the  sinus,  the  purulent  outflow  can  be  observed  at 
times  below  the  middle  concha.  When  there  is  retention,  transillumina- 
tion and  rontgenograms  will  reveal  the  darkened  sinus. 

Now  and  then,  there  is  a  possibility  of  confusing  disease  of  the  antrum 
with  (4)  acute  dacryocystitis,  in  which  there  is  swelling  and  tenderness 
in  the  naso-orbital  angle.  But  in  this  case  there  will  be  epiphora,  due  to 
blocking  of  the  lacrimal  duct,  and  the  patient  will  probably  give  a  history 
of  earlier  attacks,  and,  perhaps,  of  previous  treatment  of  the  duct. 

Other  conditions,  occasionally  confused  with  antral  disease,  especially 
in  children,  are  (5)  maxillary  tuhercvlosis,  and  (6)  acute  parotitis. 


3.    Frontal  Sinusitis 

The  frontal  sinus,  on  one  or  on  both  sides,  may  be  the  site  of  an 
acute  catarrhal,  or  an  acute  purulent  inflammation,  or,  more  often  still, 
of  a  chronic  empyema.  Occasionally,  cysts,  polyps,  and  hydrops  of  the 
cavities  are  met  with.  The  sinuses  are  often  the  site  of  anatomical  varia- 
tion, as  x-ray  pictures  show.  The  sinuses  of  the  two  sides  are  usually 
separated  by  a  septum ;  either  sinus  may  be  subdivided  into  several  com- 
partments. 

Sjrmptoms. — On  the  subjective  side,  the  local  symptoms  consist  of  head- 
ache and  discharge  from  the  nose ;  in  some  patients,  there  are  complaints 
of  disturbances  of  the  sense  of  smell,  obstruction  of  the  nose,  epistaxis,  and 
eczema  of  the  nostrils.  The  patients  often  present  neurasthenic  symptoms 
(incapacity  for  mental  work,  irritability,  intolerance  for  alcohol  and 
tohacco).  Neuralgic  pains  in  the  domain  of  the  N.  ophthalmicus  may 
occur.    On  the  objective  side,  in  suppurative  disease  of  the  frontal  sinus, 
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the  pus  appears  in  tbe  middle  meatus,  often  under  the  anterior  end  of 
the  middle  concha,  Sometimee  polyps  or  hypertrophied  mucosae  prevent 
inspection  of  the  most  anterior  part  of  the  middle  meatus.  When  this 
is  not  the  case,  removal  of  the  pua  with  a  swab  will  be  followed  by  the 
appearance  of  a  streak  of  pus  running  down  from  above  and  in  front. 
When  the  patient  sits  upright  the  flow  may  be  continuous,  in  contrast  ^rith 
the  periodic  flow  in  antrum  disease.  In  latent  stages,  however,  the  flow 
need  not  be  continuous;  it  is  then  most  often  visible  in  tbe  early  morning 
hours. 

The  continuous  flow  is  often  converted  into  a  periodic  flow  through  the 
presence  of  polypi  or  of  hypertrophied  mucous  membrane.     Such  hjpep- 
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trophies  usually  involve  the  anterior  end  of  the  middle  concha,  and  extend 
to  the  most  anterior  part  of  the  hiatus  and  of  the  infundibulum,  whereas 
in  antral  disease  the  polyps  and  hypertrophy  are  limited  more  to  the 
posterior  part  of  the  hiatus  in  the  immediate  neighborhood  of  the  ostium 
maxillare. 

In  disease  of  tbe  frontal  sinus,  the  most  anterior  pari  of  the  middle 
meatus  is  often  narrowed  on  the  diseased  side  owing  to  edema  of  tbe 
mucous  membrane  on  the  most  anterior  part  of  the  concave  side  of  the 
middle  concha. 
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There  is  often  tenderness  over  the  anterior  wall  of  the  frontal  sinus 
on  percussion  with  the  index  finger,  or  with  the  percussion  hammer.  There 
may  be  tenderness  on  pressure  at  the  root  of  the  nose,  on  the  orbital 
surface  of  the  frontal  sinus,  especially  at  two  spots;  namely,  (1)  the 
inner  upper  angle  of  the  orbit,  and  (2)  the  region  behind  the  supra-orbital 
notch. 

Occasionally,  a  slight  edema  of  the  soft  parts  of  the  forehead  over  the 
frontal  sinus  and  of  the  upper  eyelid  can  be  made  out ;  such  an  edema  is 
prone  to  come  and  go;  it  is  usually  most  marked  in  the  morning. 

Chronic  infection  of  a  frontal  sinus  occasionally  gives  rise  to  extradural 
abscess  over  the  frontal  lobe  of  the  cerebrum  and  to  meningitis. 

Diagnosis. — This  depends  upon  the  history,  the  demonstration  of  in- 
creased discharge  in  the  middle  meatus  of  the  nose,  the  exclusion  of  antrum 
disease,  and  upon  the  methods  of  transillumination  and,  especially,  of 
x-ray  examination  of  the  sinuses.  In  some  instances,  the  passage  of  a 
sound  into  the  sinus  and  washing  it  out  may  be  necessary;  as  a  rule,  such 
sounding  should  be  avoided,  since  one  may  easily  infect  a  healthy  sinus, 
or  may  perforate  the  cribriform  plate. 

4.    Ethmoidal  Sinusitis 

The  ethmoid  cells  are  divisible  into  two  groups,  an  anterior  and  a 
posterior.  The  number  of  cells  in  each  group  is  variable.  It  is  impor- 
tant to  remember  that  those  of  the  anterior  group  chiefly  empty  into  the 
middle  meatus,  and  those  of  the  posterior  group  for  the  most  part 
into  the  superior  meatus.  Clinically,  this  division  of  the  ethmoid  cells 
into  those  that  empty  into  the  middle  meatus  and  those  that  empty  into 
the  upper  meatus  is  very  convenient.  The  posterior  group  of  cells  stands  in 
close  relation  to  the  nasal  wall  of  the  orbit,  and,  occasionally,  an  infection 
of  the  cells  may  lead  to  perforation  of  the  orbital  wall  and  give  rise  to 
unilateral  exophthalmos  and  visual  disturbances. 

The  ethmoid  cells  are  often  the  site  of  inflammation,  acute  or  chronic ; 
the  condition  is,  unfortunately,  frequently  overlooked. 

Symptoms. — In  latent  cases,  there  may  be  no  symptoms  except  those  of 
a  general  run-down  condition.  In  acute  cases,  and  in  acute  exacerbations 
of  chronic  cases,  there  is  usually  headache,  dull  aching  pain  in  the  eyes 
and  at  the  root  of  the  nose,  purulent  discharge  from  the  nose,  disturbance 
of  the  sense  of  smell,  nasal  obstmction,  and  often  secondary  inflammations 
of  the  middle  ears,  tonsils,  cervical  glands,  pharynx  and  larynx.  The 
disease  is  sometimes  the  primary  focus  of  infection  in  chronic  arthritis;  in 
all  cases  of  chronic  arthritis,  the  paranasal  sinuses  should  be  carefully 
examined.  Various  diseases  of  the  eye  and  disturbances  of  the  eye- 
niuscles  have  been  observed  as  sequelae  of  ethmoidal  sinusitis. 

Diagnosis. — Chronic  empyema  of  the  ethmoid  cells  includes  many  of 
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the  cases  formerly  described  as  recurring  polyp  formation,  and  as  fetid 
blennorrhea  or  ozena.  Not  infrequently  the  ethmoidal  cells  are  involved 
simultaneously  with  other  paranasal  sinuses. 

It  is  not  uncommon  to  have  one  part  of  the  ethmoid  cells  involved  while 
the  others  remain  healthy. 

Occasionally,  mucocele  of  the  ethmoid  develops,  owing  to  retention  of 
serum  or  mucus  in  the  cells.  It  may  appear  as  a  mass,  yielding  pareh- 
mentlike  crepitation.  It  should  not  be  mistaken  for  a  meningocele,  a 
dermoid,  or  a  neoplasm.' 

An  empyema  of  the  ethmoid  cells  may  be  either  open  or  closed.  In 
the  open  cases,  the  pus  flows  into  the  nasal  cavity  and  polypi  are  common. 
In  the  closed  cases,  this  flow  of  pus  is  prevented,  owing  to  obstruction  at 
the  opening  into  the  nose ;  the  patient  complains  of  headache ;  sometinaes 
external  swellings  appear  owing  to  dilatation  of  the  cells ;  such  swellings 
may  project  into  the  skull  cavity  or  into  the  orbit. 

In  latent  cases,  the  diagnosis  can  be  made  only  by  rhinoscopic  study 
or  by  x-ray  examination.  In  manifest  cases,  it  may  be  suspected  even  in 
the  absence  of  a  rhinoscopic  examination.  Many  patients  complain  of 
dryness  of  the  throat,  due  to  atrophy  of  the  secreting  glands  of  the  pharynx. 
Whenever  suspected,  a  careful  rhinoscopic  study  should  be  made  by  a 
specialist,  and  an  x-ray  examination  of  the  various  paranasal  sinuses  re- 
sorted to.  The  x-ray  is  more  helpful  in  the  diagnosis  of  disease  of  the 
anterior  group  of  ethmoidal  cells  than  of  disease  of  the  posterior  group. 

The  bulla  ethmoidalis,  situated  just  beneath  the  anterior  end  of  the 
middle  concha,  is  sometimes  large  and  it  may  then  look  like  a  polyp ; 
touched  with  a  probe,  however,  it  is  found  to  be  hard  (bony),  while  a  polyp 
is  soft  and  mobile. 

Operative  measures  on  the  ethmoid  are  especially  dangerous,  owing  to 
the  thinness  of  the  lamina  cribrosa,  and  to  the  fact  that  sheaths  of  dura 
surround  the  filaments  of  the  olfactory  nerves;  meningitis  has  occurred 
after  operation  in  a  number  of  instances. 

5.    Sphenoidal  Sinusitis 

The  sphenoidal  sinus  on  either  side  is  less  often  aflfected  than  the 
other  sinuses,  but  it  is  sometimes  the  site  of  inflammatory  changes, 
or  of  disease  of  its  bony  walls.  The  sinus  is  related  anatomically  to  the 
N.  opticus,  the  sinus  cavernosus,  the  dura  mater,  and  the  A.  earotis ;  hence 
the  occasional  complications  of  blindness  from  retrobulbar  neuritis,  of  sinus 
thrombosis,  of  meningitis,  and  of  erosion  of  the  A.  earotis  with  fatal 
hemorrhage. 

Sjrmptoms. — The  symptoms  are  very  inconstant,  but  include  headache, 
stiffness  of  the  neck,  nasopharyngeal  catarrh,  subjective  disturbances  of 
the  sense  of  smell,  vertigo,  and  general  neurasthenic  symptoms. 


>i 
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On  objective  examination,  the  discharge  is  found  to  empty  either  into 
the  anterior  part  of  the  olfactory  fissure,  or,  much  more  often,  backward 
into  t]ie  nasopharynx  at  the  part  of  its  roof  that  lies  close  to  the  superior 
meatus.     It  is  sometimes  associated  with  ozena. 

The  mueous  membrane  bounding  the  olfactory  fissure  becomes  hyper- 
trophied,  aud  it  is  sometimes  the  site  of  polypi.  Catarrhal  inflammations 
of  the  pharynx  and  larynx  are  more  common  in  sphenoidal  sinusitis  than 
in  inflammations  of  the  other  paranasal  sinuses.  Occasionally,  the  bony 
walla  of  the  sinus  become  diseased,  in  which  event  there  is  danger  of  cere- 
bral complications  (sudden  unilateral  bliudness,  due  to  compression  of 
the  optic  nerve  in  the  foramen  opticum,  or  to  perineuritis).     Sometimes 
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the  retrobulbar  tissues  of  the  eye  become  invaded,  with  resulting  exoph- 
thalmos. Occasionally,  the  lateral  superior  wall  of  tlie  sinus  is  perforated, 
injuring  the  sinus  cavernosus,  and  causing  thrombosis  or  fatal  hemorrhage. 
Diagnosis. — The  presence  of  pus  in  the  olfactory  £:?sure  should  excite 
suspicion ;  the  nose  should  be  thoroughly  cleansed,  and  then  be  watched  for 
the  return  of  pus.  The  diagnosis  may  be  aided  (1)  by  x-ray  examination, 
and  (2)  by  the  demonstration  of  the  origin  of  the  discharge  from  the 
sphenoidal  cells,  (a)  by  direct  observation  of  the  outflow  from  the  open- 
ing of  these  cells,  or  (b)  by  the  passage  of  a  sound,  and  irrigation  of 
the  cells. 

6«    Mastoiditis 

The  mastoid  is  not  a  paranasal  sinus,  but  an  accessory  cavity  of 
the  middle  ear.  For  convenience,  howev^er,  inflammation  of  the  mas- 
toid will  be  mentioned  here.  Secondary  to  otitis  media,  acute  mastoiditis 
or  mastoid  disease  frequently  develops,  and  the  condition  should  never 
be  overlooked.  Many  cases  when  neglected  go  over  into  a  suppurative 
process  or  into  a  chronic  mastoiditis. 

A  purulent  otitis  media  usually  causes  rupture  of  the  drum  with  dis- 
charge to  the  outside.  As  long  as  the  inflammation  is  confined  strictly 
to  the  tympanic  cavity,  the  main  danger  is  impairment  of  hearing,  but 
when  it  extends  beyond  this,  serious  complications  often  arise.  Mas- 
toiditis is,  as  a  rule,  the  connecting  link  between  purulent  otitis  media 
and  its  graver  complications  (Keik). 

Sjrmptoms. — Following  upon  the  signs  of  an  acute  otitis  media  (local 
pain,  fever,  bulging  of  the  ear  drum,  perforation,  otorrhea),  the  pain 
may  change  it§'  location  and  be  assigned  by  the  patient  either  to  the 
region  just  over  the  mastoid,  behind  the  ear,  or  to  the  depth  of  the  ear 
itself.  There  is  localized  tenderness  on  firm  pressure  over  the  mastoid, 
or  higher  up  over  the  mastoid  antrum  at  the  level  of  the  upper  border 
of  the  external  auditory  meatus.  There  may  be  no  swelling  nor  redness; 
when  these  are  observable  over  the  mastoid,  they  indicate  that  the  abscess 
has  already  broken  through  the  bone  and  has  given  rise  to  a  periostitis, 
or  perhaps  to  a  subperiosteal  abscess.  Another  important  sign  of  mas- 
toiditis is  swelling  of  the  inner  end  of  the  posterior  cutaneous  wall  of 
the  external  auditory  canal,  so  that  this  portion  droops  just  in  front 
of  the  tympanic  membrane.  The  posterior  cervical  lymph  glands  under- 
go enlargement.  In  acute  mastoiditis  there  is  fever,  but  in  the  chronic 
cases  the  temperature  may  be  normal;  there  is  a  moderate  leukocytosis. 

Diagnosis. — Since  otitis  media  is  a  common  complication  of  scarlet 
fever,  typhoid  fever  and  influenza,  the  symptoms  due  to  a  developing 
mastoiditis  are  not  infrequently  attributed  to  the  primary  infection,  the 
important  local  process  being  overlooked  especially  in  children.     In  all 
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acute  infections,  especially  in  children,  the  mastoids  should  be  regularly 
examined.  Spontaneous  pain,  in  or  behind  the  ear,  accompanied  by 
tenderness  over  the  mastoid  is  dia^ostic,  even  in  the  absence  of  otorrhea 
and  of  local  swellin;;  or  edema  of  the  soft  tissues  over  the  mastoid. 

In  chronic  otorrhea,  an  involvement  of  the  mastoid  by  the  chronic 
suppurative  process  is  very  common.  Recently,  x-ray  examinations  have 
been  found  helpful  in  the  diapnoais  of  this  condition. 

GomplicationB  of  Mastoiditis. — The  intracranial  complications  are  the 


Fig.  167.— ROntgenogram  ot  Maatold  DlHeano.  The  I^rg?  Clpar  Area  (Bee  Arrows)  Near 
the  Tip  at  the  Left  MaRtold  IndlmteB  the  Situation  of  a  Sequeatrum  and  Eitradural 
AlMcess.  lit  I*  NeceHMrj  In  Taking  an  X-ray  of  the  MaKlold  to  Have  the  Eitema!  and 
Internal  Auditory  Meatus  aupcPlmiHwed— See  Arrowa,  2  Left  L'pper  Onea.l  In  thia  Case 
the  Right  Mastoid  Was  Normal;  Left  Mastoid.  InfecMon  of  Two  Months'  Dnratlon. 
Pore  Culture  Btreptococcua  mucoaua.  Symptomn:  Lcfl-alded  Headache,  Purulent  DlB- 
ctaarge  from  the  Bar,  Local  Tcndemeaa  Over  the  Mastoid.  Edima  o(  the  Walla  ol  the 
External  Auditory  Caoat.    X-ray  ConDrmed  at  Autopsy.     (By  courtesy  of  8.  J.  Crowe.) 

most  serious.  Any  one  of  the  following  may  occur;  (1)  pachymenin- 
gitis, (2)  extradural  abscess,  (3)  leptomeningitis,  (4)  cerebral  or  cere- 
bellar abscess,  (5)  thrombosis  of  the  lateral  sinus,  or  (6)  purulent  laby- 
rinthitis. 
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C.    Diagnosis  of  Diseases  of  the  Larynx 

Four  main  groups  of  diseases  of  the  larynx  have  to  be  considered : 

1.  Inflammatory  (acute,  chronic,  specific)  ; 

2.  Circulatory  (edema  of  the  glottis)  ; 

3.  Paralytic; 

4.  Neoplastic  (papillary  fibro-epithelioma,  fibroma,  carcinoma)  ; 

5.  Stenotic. 

References 

Barwell  (F.).    Diseases  of  the  larynx.    S.  ed.    London,  1910,  H.  Frowde.    266  p.    8?. 

Chiari  (0.)»     L>i^  Krankheiten  der  oberen  Luftwege.    3.  Teil.    Die  Krankheiten  des  KehL- 

kopfesundderLufirdhre.    Leipzig  u.Wien,  1905,  F.  DeuHcke.    404  P-     S**. 

Qott^Mn  (/•)•    Die  Krankheiten  des  Kehlkopfes  mil  Einschluss  der  Laryngoskome  und  der 

local4herapetUischen    Technic  fUr   praktische    Aerzte    und  Studierende^ 
4.  Aufl.    Leipzig  &  Wien,  1893.    8^. 


DISEASES   OF   THE   LARYNX  575 

Gfron^  (/>.)•    So^fie  common  errors  in  diagnosis  and  treatmerU  of  diseases  of  the  pharynx, 

larynx  and  naso-pharynx,    Clin.  J.,  London,  1904,  xxiv,  306-310, 

Laurens  (Georges).    OUHrhino4aryngologie  du  mSdecin  pradiden.     Paris,  1912,  Masson 

&Cie.    418  p.    ^^ 

Meyer  (E.).    Die Erkrankungen  des  Kehlkopfes.     Handb,  d,  inn.  Med.  (Mokr  A  StaeheUn). 

Berlin,  1914,  ii,  107-159. 

Semon  (F.)  &  Williams  (P.  W.).    Diseases  of  the  larynx.    In:  Syst.  Med.  (AUbuU  A 

Rolleston).    8^.    London,  1999,  iv,  pt.  2,  179-282, 
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1.    Inflammatory  Diseases  of  the  Larynx 

These  are  met  with  especially  in  the  members  of  certain  professions: 
singers,  lawyers,  preachers,  politicians,  auctioneers.  The  use  of  alcohol 
and  especially  of  tobacco  predisposes. 

(a)    Acute  Laryngitis 

(Laryngitis  acuta) 

Two  main  forms  are  met  with :   a  catarrhal  and  a  diphtheritic. 

L    Acute  Catarrhal  Larynffitia 

(Laryngitis  catarrhalis  acuta.  False  Croup) 

The  attack  comes  on  after  "catching  cold,"  with  hoarseness,  cough, 
and  sometimes  fever.  On  laryngoscopic  examination,  redness  and  swell- 
ing of  the  laryngeal  mucous  membrane  is  visible ;  occasionally,  small  ero- 
sions or  hemorrhages  can  be  seen.  The  secretion  may  be  only  slightly  in- 
creased ;  it  is  mucous  or  mucopurulent. 

In  small  children,  an  acute  laryngitis  may  be  associated  with  paroxysms 
of  stenosis  of  the  glottis,  in  the  night;  these  attacks  are  known  as  "false 
croup."  Waking  suddenly,  they  startle  their  parents  with  the  signjs  of 
an  attack  of  suffocation ;  there  is  barking,  crouplike  cough,  and  diflS- 
cult,  whistling,  inspiration,  accompanied  by  retraction  of  the  jugulum  and 
of  the  epigastrium ;  expiration  is  also  difficult  and  the  voice  is  hoarse.  After 
a  short  time,  the  respiration  usually  becomes  easier ;  the  acute  symptoms 
pass  off  in  a  few  hours,  though  the  child  may  remain  hoarse  for  several 
days.  One  must  make  absolutely  sure  at  once  that  the  child  has  not 
diphtheria ;  if  there  be  any  doubt,  antitoxin  should  be  administered.  In 
false  croup,  intubation  is  occasionally,  though  very  rarely,  indicated. 
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iL    Acute  Pseudomembranous  Laryniptis 

(Laryngitis^  pseudomembranacea.  Diphtheritic  Laryngitis,  True  Croup) 

The  epiglottis  is  most  often  affected,  but  the  whole  laryngotracheal  tube 
may  be  involved.  tThe  disease  is  rarely  primary ;  it  is  usually  secondary 
from  the  pharynx.  A  dirty,  grayish-white,  pseudomembrane  (fibrin, 
leukocytes,  necrotic  epithelium)  exists  on  the  surface  of  the  mucosa.  The 
adjacent  mucous  membrane  is  deeply  injected  and  swollen.  Casts  of  the 
larynx  and  of  the  trachea  are  sometimes  coughed  up. 

Etiology. — In  most  cases  true  croup  is  due  to  the  diphtheria  bacillus, 
though  in  the  form  complicating  scarlet  fever,  measles,  sepsis,  etc.,  strepto- 
cocci may  be  the  cause.  When  a  true  false  membrane  is  present  in  the 
pharynx,  or  larynx,  antitoxin  should  be  promptly  administered  without 
waiting  for  a  bacteriological  diagnosis.  There  is  great  danger  of  suffoca- 
tion; intubation  or  tracheotomy  may  soon  be  indicated,  and  someone 
capable  of  performing  them  should  be  present  with  an  outfit  at  hand. 
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(6)     Chronic  Laryngeal  Catarrh 

{Laryngitis  catarrhalis  chronica) 

Etiology. — The  condition  is  most  often  due  to  chronic  irritation  from 
dust,  smoke,  etc.  It  is  common  in  singers,  public  speakers,  cigarette 
smokers,  millers,  stone-cutters,  and  metal-workers.  It  is  sometimes 
secondary  to  nasopharyngitis  or  to  pulmonary  disease. 

Sjrmptoms. — The  cough  is  often  slight ;  the  voice  is  feeble  or  hoarse, 
and  tires  easily,  growing  weaker  on  talking.  On  laryngoscopic  examina- 
tion, one  can  make  out  moderate  injection  and  swelling  of  the  mucous 
membrane.  Often,  visible  thickenings  of  the  epithelium  of  the  true 
vocal  cords  can  be  made  out;  the  horny  layer  becomes  milk-white,  or  of 
a  dull  blue  color,  is  detachable  with  forceps,  and  often  presents  papillary 
nodules  {pachydermia  laryngis) ;  this  is  the  condition  in  the  so-called 
"singer's  nodes"  (trachoma  of  the  vocal  cords). 
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The  secretion  from  the  larynx  is  tenacious  and  grayish-white  in  color ; 
or  it  may  be  brownish,  due  to  admixture  of  blood. 

Diagnosis. — ^Before  making  the  diagnosis  of  simple  chronic  laryngeal 
catarrh,  one  should  exclude  {vhercidosis  and  lues,  and  should  examine  care- 
fully the  nose,  the  pharynx,  and  the  lungs.  Use  may  be  made  of  the 
Wassermann  reaction,  the  Calmette  test,  and,  if  necessary,  of  histological 
examination  of  a  particle  of  tissue  excised,  for  the  differential  diagnosis. 
The  whole  body  should  be  carefully  gone  over  in  the  search  for  signs  of 
lues  or  of  tuberculosis. 
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(c)    Specific  Inflammations  of  the  Larynx 

These  include  the  tuberculous,  the  syphilitic,  the  typhoidal  and  other 
specific  inflammations. 

L    Tubercalosis  of  the  Larynx 

(Tuberculosis  laryngis) 

The  symptoms  and  signs  are,  at  first,  those  of  simple  catarrh;  they 
include  hoarseness,  cough,  reddening  of  the  mucous  membrane,  erosions, 
and  paresis  of  the  vocal  muscles.  Later,  visible  tuberculous  infiltration 
develops,  usually  appearing  first  in  the  interarytenoid  region ;  this  subse- 
quently breaks  down  to  give  rise  to  ulcers  (flat,  sharp  margins;  granular 
We).  Sometimes,  only  a  single  ulcer  develops ;  or  two  symmetrical  ulcers 
may  appear  on  the  vocal  cords;  sometimes,  there  are  several  groups  of 
confluent,  ^lenticular,"  ulcers.    The  edge  of  the  epiglottis  is  often  involved. 
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An  infiltrating  form,  involving  especially  the  adenoid  tissue  (epi- 
glottis, aryepiglottic  folds,  vocal  cords),  giving  rise  to  firm  swelling,  is  some- 
times seen.  Later,  caseation  and  ulceration  occur;  this  form  is  often 
combined  with  arytenoid  perichondritis. 

A  third  form  of  tuberculous  laryngitis  is  lupus  of  the  larynx;  small 
gray  nodules  with  a  red  periphery  appear ;  they  do  not  undergo  ulceration. 

In  advanced  cases  of  laryngeal  tuberculosis,  there  is  pain  on  swallow- 
ing, and  occasionally  symptoms  of  stenosis. 

The  disease  is  nearly  always  secondary  to  pulmonary  tuberculosis. 
About  one-third  of  the  patients  suffering  from  pulmonary  tuberculosis 
have  also  tuberculosis  of  the  larynx.  Primary  tuberculosis  of  the  larynx 
is  exceedingly  rare. 
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iL    Syphilitic  Laryniptis 

{Laryngitis  syphilitica.  Laryngeal  Lues) 

Sjrmptoms. — The  voice  is  hoarse ;  there  is  sometimes  actually  .aphonia. 
Cough  and  pain  are  slight,  or  absent.  In  secondary  syphilis,  the  laryngeal 
picture  may  be  that  of  subacute  catarrh,  accompanied  by  papules  and 
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erosions.  In  the  tertiary  stage  (more  important),  gummata  may  occur 
in  any  part  of  the  larynx ;  in  the  trachea,  they  appear  only  at  the  hif  urca- 
tion.  Arising  in  the  submucosa,  or  in  the  perichondrium,  the  gummata 
may  form  firm  infiltrations,  often  narrowing  the  lumen.  These  infiltra- 
tions, breaking  dowTi,  give  rise  to  ulcers  with  firm,  punched  out,  reddened 
margins.  On  healing,  they  leave  white  scars,  which  cause  deformations 
(especially  of  the  epiglottis),  and  often  stenosis  of  the  larynx,  with  per- 
manent hoarseness.  Ulceration  and  scar  formation  at  the  bifurcation  of 
the  trachea  are  not  uncommon.  It  is  important  to  recognize  this  condi- 
tion before  the  retraction  of  the  luetic  infiltration  has  begim  since  in  the 
later  stages  it  is  entirely  resistant  to  ordinary  specific  treatment  and  not 
infrequently  ends  fatally  through  stenosis  of  the  larynx. 

Diagnosis. — The  laryngeal  picture  is  often  characteristic  The  an- 
amnesis helps  out.  The  occurrence  of  lesions  elsewhere  in  the  body  should 
be  looked  for.     The  Wassermann  reaction  is  positive. 

References 

Hope  (C.  W.  M,).     Unusual  form  qf  syphUilic  laryngiiis,     Proc.  Roy.  Sac.  Jlf .,  London^ 

1913,  vi,  Laryngol.  Sect.,  71-73, 

Martin  {H,  H,).    Syphilis  of  the  nose  and  throat.    South.  M.  J.,  1913,  vi,  19.     [Discussumly 

32S6. 

Robertson  (C.  ilf .).    Syphilis  of  the  larynx.    J.  Am.  M.  Ass.,  Chicago,  1903,  xl,  162-164^ 

Schrotter  (L,).     Verdnderungen  im  Larynx  hei  Syphilis.    Jahresh.d.  Klin.  f.  Laryngosk. 

a.  d.  Wien.  Univ.  {1870),  1S71,  61-72.    1  pi. 

ill.    Typhoidal  Larynifitis 

This  is  a  rare  complication  of  typhoid  fever ;  the  lymphoid  tissue  of 
the  larynx,  like  that  of  the  intestine,  is  affected  and  undergoes  ulceration. 
In  some  cases,  the  laryngeal  complication  is  a  secondary  infection  due  to 
other  bacteria  (cocci).  Perichondritis  is  a  frequent  complication;  both 
arytenoid  cartilages  were  expectorated  by  one  of  my  patients. 


2.    Circulatory  Diseases  of  the  Larynx 

(a)    Edema  of  the  Glottis 

Definition. — In  this  condition,  a  serous  infiltration  of  the  soft  tissues 
of  the  larynx  arises  gradually,  or,  more  often,  suddenly,  with  suffocative 
phenomena  (cyanosis,  dyspnea).  The  soft  tissues  of  the  epiglottis,  the 
aryepiglottic  folds,  and  the  false  vocal  cords  are  chiefly  involved. 

Occurrence. — It  is  met  with  most  often  in  acute  inflammations  of  the 
larynx  or  its  neighborhood ;  it  may  occur  also  in  the  general  anasarca  of 
cardiopathies  and  nephropathies,  and  is  then  sometimes  responsible  for 
exitus.    Rarely,  edema  glottidis  is  a  fatal  complication  of  angioneurotic 
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edema ;  occasionally,  it  occurs  ajong  with  urticaria  as  a  part  of  the  ''sennn 
disease"  following  injection  of  antitoxin. 

Sjrmptoms. — There  is  a  sudden  appearance  of  dyspnea  without  apparent 
cause;  it  increases  rapidly,  the  patient  gasping  for  hreath  and  quickly 
beooming  cyanotic.  There  is  aphonia.  Expiration  is  easier  than  in- 
spiration. The  patient  feels  no  pain.  Unless  relief  is  quickly  obtained, 
death  occurs  from  asphyxia. 
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3.    Paralytic  Diseases  of  the  Larynx 

(a)    Paralyses  of  the  Laryngeal  Muscles 

To  understand  these,  one  must  be  acquainted  with  the  muscles  of  the 
larynx  and  their  functions,  as  well  as  their  nerve  supply. 

The  most  important  movements  of  the  larynx  are  those  detehnining 
the  position  of  the  vocal  cords,  that  is,  those  altering  the  width  and  form 
of  the  vocal  slit  (rima  glottidis).  The  vocal  cords  are  farthest  apart  on 
deep  inspiration,  whereas  they  are  closest  together  in  the  middle  line  on 
phonation.  The  change  of  position  is  brought  about,  mainly,  by  move- 
ment of  the  arytenoid  cartilages;  these  can  be  moved  away  from  the 
middle  line,  and  can  also  be  rotated  on  their  perpendicular  axes. 

The  Muscles  of  the  Larynx 

The  three  principal  functions  of  the  laryngeal  muscles  are: 

(1)  Closure  of  the  glottis. 

(2)  Opening  of  the  glottis. 

(3)  Tightening  of  the  vocal  cords. 

Muscles  closing  the  glottis:  M.  arytenoideus  transversus,  M.  arytenoideus 
obliquus,  M.  crico-arytenoideus  lateralis,  M.  thyro-arytenoideus  (externos)  and 
M.  vocalis. 

Muscles  opening  the  glottis:  M.  crico-arytenoideus  posterior. 

Tensors  of  the  vocal  cords:  M.  cncothyroideus,  M.  thyro-arytenoideus  intemus 
(or  M.  vocalis). 

The  Nerves  of  the  Larynx 

The  nerves  of  the  larynx  all  arise  from  the  N.  vagus.  The  N.  laryngeus  superior 
supplies  the  mucous  membrane  of  the  upper  half  of  the  larynx  as  far  as  the  margin 
of  the  vocal  cords,  the  musculature  of  the  epiglottis  and  the  M.  cricothyroideus, 
whereas  the  N.  laryngeus  inferior  (or  N.  recurrens)  innervates  all  the  other  laryn- 
geal muscles  (openers  and  closers  of  the  glottis)  and  the  mucous  membrane  down* 
ward  from  the  vocal  cords. 
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^::0OinpIete  Beenrrens  Paaraly8i9f — TU§  most  important  form  of  larjngeaV 
pandjBi^^.is  the  so-called  recurrent 'pgralysis^^JJ;  is  sometimes  bilateral^ 
more  often  unilateral.  All  the  laryngeal  muscl^  except  the  M.  crico-: 
tbi^ideys  are  paralyzed,  the.,vp(;^;cftp^^ei#u^iqg  the  so-called,  i^<^da- 
yeric*'  position,  a  sort  of  middle^f($ftitiftti>  j^pendc^  entirely  upon  theii^ 
dasticity  and  corresponding,  approxittwrtefy,-JO  tte  position  occupied  4ur- 
icf  normal  respiration  (u  e.,':midway  tetweeu  th^  phonation  position  and: 
the  inspiration  positiflft)  j(F^  168). 

In  unilateral  recurrens  ^ralysis,  the  healthy  vocal  cord  is  ca{5able,  on 
intonation,  of  crossing  the  median  line  and  so  closing  the  glottis.  As  a 
result,  the  voice  is  not  aphonic,  but  only  poor  in  clang. 
*  [The  commonest  cai^e  of  recurrens  paralysis  is  injury  of  one  or  both 
nerves  at  the  upper  aperture  of  the  thoras  (aortic  aneurism,  carcinoma 
esophagi,  mediastinal  tumors).  Occasionally,  it  is  due  to  neuritis  or  to 
disease  of 'the  central  nervous  system  (e.  gr.,  bulbar  paralysis). 

Partial  Becurrens  Paralysis  (Posticus  Paralysis). — Among  the  fibers 


Fig.  168. — Diagrammatic  Representation  of  the  Position  of  the  Vocal  Cords  In  Different  Forms 
of  Laryngeal  Paralysis,  a  and  b — Normal  Larynx  ;  a — Phonation  Position  ;  b — Respira- 
tion Position ;  c — Cadaveric  Position  in  Bilateral  Recurrens  Paralysis ;  d  and  e — Left- 
sided  Recurrens  Paralysis  ;  d — Respiration  Position  ;  e — Phonation  Position  ;  f — Paralysla 
of  the  Tensors  of  the  Vocal  Cords ;  g — Paralysis  of  the  Mm.  Thyroarytenoldel  and  of 
tfie  Mm.  Interarytenoidei.  (After  Seifert  &  MtiUer,  "Klin.  Dlagnostik/'  published  by 
J.  F.  Bergmann,  Wiesbaden.) 


miming  in  the  N.  recurrens  are  those  supplying  the  M.  crico-arytenoideus 
posterior  (opener  of  the  glottis),  and  these,  of  all  the  fibers  of  the  nerve, 
are  the  most  easily  injured;  thus,  a  recurrens  paralysis  always  begins 
with  "posticus  paralysis,"  and,  when  recovery  occurs  from  recurrens 
paralysis,  the  posticus  muscle  recovers  its  function  last  (Semon-Rosenbach 
law). 

Bilateral  posticus  paralysis  is  a  very  dangerous  condition,  for,  since 
the  glottis  cannot  be  opened,  the  stenosis  results  in  inspiratory  dyspnea, 
increasing  to  suflfocation,  though  phonation  is  retained.  The  condition  is 
not  infrequently  met  with  in  postdiphtheritic  neuritis. 

Unilateral  posticus  paralysis  causes  standstill  of  the  paralyzed  cord 
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near  the  middle  line,  but  since  the  other  vocal  cord  is  movable,  there 
may  be  no  clinical  symptoms,  and,  unless  a  laryngoscopic  examination  be 
made,  the  lesion  may  go  undiscovered. 

A  condition  similar  to  bilateral  posticus  paralysis  sometimes  results 
from  spasm  and  contracture  of  the  adductor  muscles. 

Paralysis  of  the  Addu6tor  Muscles  (Closers  of  the  Ololtis). — ^When 
the  M.  crico-arytenoideus  lateralis  and  the  M.  interarytenoideus  are 
paralyzed  the  vocal  cord  on  the  paralyzed  side  cannot  be  approximated  to 
the  middle  line.  In  bilateral  paralysis  of  these  adductors,  the  vocal  slit 
stands  open,  in  the  form  of  a  large  triangle;  aphonia  results,  and  cough- 
ing is  imaccompanied  by  soimd ;  respiration  is  normal. 

In  paralysis  of  the  interarytenoid  muscle  alone,  the  arytenoid  carti- 
lages can  be  brought  together  in  the  region  of  the  vocal  processes,  but  not 
at  their  bases;  on  phonation,  a  triangular  opening  is  then  seen  opposite 
the  posterior  third  of  the  vocal  cord.  The  voice  is  hoarse  and  there  may 
be  partial  aphonia. 

Paralysis  of  the  Internal  Thyro-arjrtenoid  Muscle  or  Vocal  Muscle. — 
This  muscle  is  a  tensor  of  the  vocal  cord,  and  paralysis  of  it  leads  to  imper- 
fect closure  of  the  glottis  on  phonation,  owing  to  insufficient  tension  of  the 
vocal  cord,  which  looks  concave  on  the  paralyzed  side.  If  the  paralysis 
be  bilateral,  one  sees,  on  phonation,  a  lancet-shaped  cleft  between  the 
cords.  When  the  interarytenoids  are  simultaneously  involved,  the  respira- 
tory glottis  remains  open  and  the  vocal  processes  project  medialward; 
when  the  interarytenoids  are  not  involved,  the  respiratory  glottis  closes 
normally. 

Paralysis  of  the  N.  laryngeus  superior. — Paralysis  of  this  nerve  causes 
imilateral  immobility  of  the  epiglottis,  and  anesthesia  of  the  mucous 
membrane  of  the  larynx  (loss  of  reflexes,  with  "swallowing  the  ^vrong 
way").  Owing  to  the  paralysis  of  the  M.  cricothyroideus,  the  vocal  cord 
on  the  side  of  the  lesion  occupies  a  lower  position  than  on  the  healthy 
side;  the  voice  is  deep,  rough,  and  impure,  and  the  patient  cannot  produce 
high  tones. 

Paralysis  of  the  N.  vagus  as  a  Whole.— This  gives  rise,  not  only  to  the 
phenomena  referable  to  the  N.  laryngeus  inferior  (recurrens)  and  the 
N.  laryngeus  superior,  but  also  to  paralysis  of  the  muscles  of  the  pharynx 
on  the  side  of  the  lesion. 

Hysterical  Aphonia. — The  aphonia  here  is  usually  due  to  a  defective 
function  of  the  adductor  muscles;  on  attempting  to  phonate,  the  glottis 
is  not  closed.  Cough,  however,  is  accompanied  by  sound,  showing  that 
the  glottis  can  be  closed.  This  involvement  of  the  function  of  speech 
without  simultaneous  involvement  of  the  function  of  cough  is  character- 
istic of  hysterical  paralysis  of  the  larynx. 

The  tensors  of  the  vocal  cords  are  often  weakened  in  acute  and  in 
chronic  laryngitis. 
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4.    Neoplasms  of  the  Larynx 

Tumors  of  the  larynx  may  be  benign  or  malignant.  Benign  growths 
include  singer's  nodes,  polyps,  and  papillomata,  though  only  the  latter  and 
some  of  the  polyps  are  to  be  regarded  as  true  tumors  (neoplasms).  Malig- 
nant growths  of  the  larynx  include  sarcomata  and  especially  carcinomata. 

Symptoms  of  Tumors  of  Larynx. — These  may  be  slight  at  first,  but 
when  present  should  lead  to  laryngoscopic  examination.  Hoarseness  and 
tiring  of  the  voice  on  use  are,  as  a  rule,  the  first  symptoms.  Cough  is  not 
common.  Benign  growths  do  not  cause  pain ;  malignant  growths  may  excite 
pain,  radiating  to  the  ear  of  the  affected  side.  Dysphagia  may  appear 
early  in  the  course  of  a  malignant  growth.  Dyspnea,  continuous  or  par- 
oxysmal, may  accompany  any  kind  of  growth. 

Inspection  of  Laryngeal  Orowths. — A  thorough  examination  of  all 
parts  of  the  larynx  should  be  made  with  the  laryngoscope.  The  commonest 
site  of  neoplasm  is  at  the  anterior  commissure  of  the  vocal  cords.  If  a 
growth  be  visible,  we  note  its  size,  form,  color,  site,  surface,  consistency 
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(probe),  mobility,  attachments,  and  surroundings.  If  there  be  doubt  as  to 
the  nature  of  the  growth,  a  fragment  should  be  excised  for  microscopical 
diagnosis. 

In  malignant  growths,  the  tumor  as  a  rule  is  not  pedunculated;  the 
neighboring  tissues  are  red  and  infiltrated;  there  is  early  interference 
with  the  mobility  of  the  vocal  cord ;  the  tumor  bleeds  easily  and  tends  to 
ulcerate;  dysphagia  and  dyspnea  are  complained  of;  and  sometimes  the 
regional  lymph  glands  are  enlarged. 

(a)    Polyps  of  the  Larynx 

These  are  very  common.  They  appear  as  red,  soft  masses,  usually 
situated  on  the  anterior  third  of  one  vocal  cord.  They  occur  in  adults  of 
middle  age,  almost  never  in  children.  Histological  examination  of  an 
excised  fragment  may  be  necessary  for  diagnosis.  Once  properly  re- 
moved, such  polypi  do  not  tend  to  recur. 

(6)    Papilloma  of  the  Larynx 

Papilloma  is  rarer  than  polyp,  but  more  common  than  other  tumors 
of  the  larynx.  It  is  met  with  most  often  in  children,  and  appears  as  a 
cauliflowerlike  excrescence,  usually  on  one  of  the  vocal  cords.  The  cord 
moves  normally.  The  growth  shows  no  sign  of  ulceration  or  of  inflamma- 
tion. On  removal,  papilloma  tends  to  recur,  though  it  almost  never 
undergoes  malignant  change.  This  tumor  does  not  show  histologically 
any  areas  of  round-celled  infiltration  such  as  are  seen  in  tubercle,  lues, 
or  singer's  nodes ;  it  difl^ers  from  the  papillary  form  of  carcinoma,  in  that 
the  latter  bleeds  easily,  tends  to  ulcerate,  and  is  associated  with  infiltra- 
tion of  the  adjacent  mucosa  and  Avith  enlargement  of  the  regional  lymph 
glands.  It  is  interesting  that  papilloma  of  the  larynx,  like  papilloma  of 
the  bladder,  can  be  satisfactorily  treated  with  the  high-frequency  current 

(c)    Carcinoma  of  the  Larynx 

Cancer  usually  begins  on  one  of  the  vocal  cords,  occasionally  on  one 
of  the  false  cords  or  in  the  ventricle,  exceedingly  rarely  on  the  interary- 
tenoid  fold.    It  is  rare  before  middle  life. 

Seen  in  the  early  stage,  intrinsic  cancer  of  the  larynx  appears  as  a 
small  nodule  on  one  vocal  cord,  bleeding  easily,  and  tending  to  recur  after 
removal.  The  histological  diagnosis  may  not  be  easy,  but  if  strands  of 
epithelial  cells  invade  surrounding  tissue  with  no  basal  membrane,  malign 
nancy  is  certain.  If  allowed  to  remain,  the  tumor  gi'ows  steadily,  causes 
hoarseness  and  may  ulcerate,  though  ulceration  does  not  occur  until  the 
mass  is  twelve  or  eighteen  months  old.    As  it  increases  in  size,  it  causes 
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dysphagia  and  dyspnea.     In  the  late  stages,  the  regional  lymph  glands 
and  the  base  of  the  tongue  may  become  involved.    Metastases  occur  late. 

By  extrinsic  cancer  of  the  larynx  is  meant  a  cancer  beginning  in  the 
epiglottis,  on  an  arytenoid  cartilage,  in  the  recessus  pyriformis,  on  an 
aryteno-epiglottidean  fold,  or  on  the  pharyngeal  surface  of  the  posterior 
wall  of  the  larynx.  In  this  form,  the  early  symptoms  include  dysphagia 
and  pain  radiating  to  the  ear  of  the  same  side.  The  outlook  is  even  graver 
than  in  intrinsic  cancer. 

(d)    Other  Tumors  of  the  Larynx 

These  can  only  be  mentioned  here.  They  include  cysts,  angiomata, 
and  sarcomata.  Xeoplasm  may  be  simulated  by  leukemic  nodules,  by  in- 
growths of  thyroid  gland,  by  gummata,  and  by  tuberculous  nodules. 
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3.    Stenosis  of  the  Larynx 

Stenosis  of  the  larynx  and  trachea  may  be  due  to  (1)  acute  croupous 
or  phlegmonous  laryngitis,  (2)  gumma,  (3)  scars  of  earlier  necrotic  in- 
flammations, (4)  neoplasms,  (5)  aneurisms,  or  (6)  foreign  bodies. 
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D.    Diagnosis  of  tlie  Principal  Diseases  of  the 

Trachea  and  Bronchi 

{The  Tracheopathies  and  the  Bronchopathies) 

Here  we  have  to  deal  especially  with:  1,  inflammations  (tracheitis 
and  bronchitis) ;  2,  dilatations  fbronchiectasias)  ;  and  3,  stenoses  (tracheal 
and  bronchial  stenoses). 
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1.    Inflammations  of  the  Trachea  and  Bronchi 

{Tracheitis^  Tracheobronchitis,  Bronchitis) 

Of  the  acute  inflammatory  processes,  the  more  important  are  (a) 
acute  catarrhal  tracheobronchitis,  (b)  acute  capillary  bronchitis  (or 
bronchiolitis),  and  (c)  acute  fibrinous  bronchitis.  There  are  several 
forms  of  (d)  chronic  bronchitis.  Closely  allied,  and  therefore  considered 
in  this  section,  are  (e)  bronchial  asthma  and  (f)  acute  anaphylactic 
shock ;  they  are,  however,  neuromyogenic  disturbances  rather  than  inflam- 
matory processes. 

(a)    Acute  Catarrhal  Tracheobronchitis 

Etiology. — Three  groups  of  factors  may  exert  a  causative  influence: 
(1)  mechanical  and  chemical  irritants,  like  dust  and  gases,  and  certain 
drugs  administered  internally  (e.  g,,  KI)  ;  (2)  infections,  some  of  them 
affecting  the  respiratory  mucosa  primarily  (coryza,  influenza,  measles, 
pertussis),  others  affecting  it  secondarily  (typhoid,  lues,  tuberculosis, 
diphtheria,  etc.),  and  (3)  circulatory  disturbances,  as  in  the  various 
bronchial  catarrhs  due  to  stasis  (cardiopathies,  nephropathies,  obesity). 

Symptoms. — Here  only  the  trachea  and  the  larger  bronchi  are  involved. 
The  S3  mptums  include  cough,  a  feeling  of  tickling,  tightness,  burning, 
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and  soreness  behind  the  sternum;  there  may  or  may  not  be  slight  fever, 
and  slight  expectoration. 

The  sputum  is  usually  scanty  in  the  beginning,  and  may  be  entirely 
absent ;  if  there  be  any,  it  is  thick,  tenacious  mucus ;  later,  it  usually  be- 
comes thinner,  and  generally  mucopurulent.  Cover-slip  preparations  and 
a  sputum  culture  are  desirable  to  determine  the  etiology  (Bacillus  influ- 
enzae, pneumococcus,  streptococcus,  staphylococcus,  etc.).  The  sputum 
should  always  be  stained  for  tubercle  bacilli,  especially  when  the  physical 
signs  are  local,  or  when  the  sputum  contains  blood. 

Physical  Signs. — Inspection  and  percussion  may  be  negative.  On  pal- 
pation, sometimes  rhonchial  fremitus  can  be  felt.  On  auscultation,  the 
breathing  is  vesicular  and  accompanied  by  coarse  snoring  sounds  (sono- 
rous rhonchi)  over  the  upper  chest,  especially  in  the  interscapular  regions 
behind.  If  the  medium  sized  and  smaller  bronchi  become  narrowed,  from 
swelling  of  the  mucous  membrane  and  the  accumulation  of  mucus,  owing 
to  extensions  of  the  tracheobronchitis  downwards,  dry,  piping,  whistling 
sounds  are  heard  (sibilant  rhonchi).  The  condition  then  becomes  one  of 
diffuse  bronchial  catarrh  (see  below).  As  the  bronchitis  resolves  and  the 
secretion  becomes  more  abundant  and  more  fluid,  moist,  non-consonating, 
medium  sized,  or  even  bubbling,  rales  become  audible.  The  abnormal 
sounds  can  then  usually  be  heard  over  the  whole  thorax,  though,  as  a  rule, 
they  are  most  numerous  at  the  bases,  behind.  A  localized  bronchitis, 
especially  if  it  be  apical,  is  highly  suggestive  of  tuberculosis,  but  influenzal 
infections  sometimes  give  rise  to  similar  signs. 

Loud  rales  in  the  trachea,  due  to  the  accumulation  of  secretion  there 
that  remains  unexpectorated,  are  often  met  with  in  agonal  states  (hence 
sometimes  spoken  of  as  the  "death  rattle"). 
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(6)    Acute  Diffuse  Bronchial  Catarrh 

(Capillary  Bronchitis  or  Bronchiolitis) 

Definition. — A  form  of  bronchitis,  prone  to  occur  in  small  children,  in 
whom  it  is  an  extremely  dangerous  disease  owing  to  the  occlusion  of 
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numerous  small  bronchirdeaijyiswelling.of  the  mucous  membj^^Cie^^'^tOl^ifi^ 
lation  of  secretion,  and  spasm  of  the  walls.  _    _  :  :  -^ '  *'^  i^r. 

SymptQins. — When  due  to  cold  or  to  stasis,  there  is  usuaUyjonlj  slight 
fever;  when  due  to  influenza  or  other  specific  infections,  th&r4ii|iH7:dfe 
high  fever.    The  paroxysmal  cough  is  distressing,  and  dit^iki&auusiitdgiiS^ 
cardia  and  pain  in  the  side,  theJatter  not  being  due  to  pleuritifli.:l)ljt  JtQ- 
violent  contractions  of ^  the  muscles  on  coughing.    The  patients,  feel  ^liiUy^ 
and  suffer  from  genetal  malaise.    The  respirations  are'  accelerated  ;jQiei:fe 
is  marked  dyspnea,  and  often  cyanosis  and  sweating.    On  inspiration,  the 
force  may  be  insufficient  to  overcome  the  resistance,  so  that  no  new  air  can 
enter  the  alveoli ;  as  a  result,  there  is  often  extensive  atelectasis  (tympa- 
nitic percussion  sound),  with  inspiratory  retraction  of  the  lower  thorax 
in  adults,  and  of  the  sternum  in  children.    In  other  cases,  the  expiration 
may  be  too  feeble  to  expel  the  air  from  the  alveoli,  in  which  event  the 
air  sacs  become  overdistended,    the  superficial  cardiac  dullness   is   di- 
minished, and^  the  lower  limits  of  the  lung  come  to  occupy  a  lower  level 
than  normal  on  percussion. 

The  sputum  is  scanty  at  first,  consisting  of  tough  mucus  (sputum 
crudum);  later,  it  is  thinner  and  more  abundant  (sputum  coctum).  In 
influenza,  the  sputum  is  often  of  a  greenish  color,  and  may  be  nummular, 
not  unlike  that  from  phthisical  cavities.  Stained  smears  and  sputum 
cultures  will  reveal  the  etiological  agent. 

On  auscultation,  besides  sibilant  and  sonorous  rhonchi,  there  are  many 
fine  moist  rales  to  be  heard  over  both  lungs.  Vesicular  breathing  is 
enfeebled  or  roughened,  and  expiration  is  prolonged;  the  inspiratory 
and  the  expiratory  sounds  are  absent  over  atelectatic  areas. 

Capillary  bronchitis  is  often  fatal,  especially  in  young  children. 
Bronchopneumonia  is  a  common  complication. 

Diagnosis. — It  is  important,  besides  recognizing  the  bronchitis,  to  seek 
for  an  underlying  disease  (typhoid,  pertussis,  influenza). 

Obliterating  Bronchitis. — A  rare  form  of  involvement  of  the  small  bronchioles 
(bronchiolitis  obliterans)  sometimes  follows  aspiration  of  caustic  vapors,  which 
give  rise  to  violent  acute  inflammation;  the  exudate  imdergoes  organization,  and 
leads  to  progressive  obliteration  of  the  bronchioles,  and  to  death  by  slow  asphyxi- 
ation. 
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(c)    Acute  Fibrinous  Bronchitis  , 

(Pseudomembranous  or  Croupous  Bronchitis) 

Besides  the  form  due  to  true  diphtheria,  an  acute  fibrinous  bronchitis 
may  occur  in  pneumonia  or  as  a  primary  disease  of  chronic  course  and  of 
unknowm  etiology  ("essential  form"). 
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Symptoms. — An  acute  and  a  chronic  form  are  distinguifihed.  In  both 
the  patients  cough  up  casts  of  the  bronchial  tree.  Before  expectoration  of 
the  cast,  the  breath  sounds  are  enfeebled  in  the  part  of  the  lung  affected, 
•and  expansion  is  diminished.  There  is  marked  cyanosis  and  dyspnea, 
sometimes  attacks  of  suffocation.  The  normal  sounds  return  after  evacua- 
tion of  the  cast.  The  acute  cases  are  serious,  often  ending  fatally. 
Chronic  membranous  bronchitis  may  recur  over  long  periods. 
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(cf)    Chronic  Bronchitis 

Several  forms  are  distinguished,  among  them:  (1)  dry  bronchitis 
(bronchitis  sicca),  with  scanty  secretion  of  tough  mucus;  (2)  broncho- 
blennorrhea,  in  which  the  sputum  is  abundant,  thin,  mucopurulent  and 
separates,  on  standing,  into  three  layers,  just  as  in  bronchiectasia ;  (3) 
serous  bronchorrhea,  or  pituitous  catarrh.  In  which  the  expectoration  is 
fluid,  seromucous,  poor  in  protein,  and  very  abundant  (1  to  IJ  liters  in 
twenty-four  hours).  It  is  often  accompanied  by  marked  dyspnea,  and  is 
sometimes  described  as  wet  asthma  (asthma  humidum)  ;  and  (4)  putrid  or 
fetid  bronchitis,  with  abundant,  stinking,  purulent  sputum,  separating  into 
three  layers,  and  containing,  in  the  bottom  layer,  Dittrich's  plugs.  When 
the  bronchitis  is  due  to  stasis,  the  sputum  contains  many  ^'heart-failure 
cells.'' 

Etiology. — The  disease  is  due,  usually,  to  recurring  attacks  of  acute 
bronchial  catarrh,  dependent  upon  inhalation  of  dust  (mineral  or  vege- 
table), upon  extension  of  inflammation  from  the  nose  or  throat,  or  upon 
stasis  in  the  pulmonary  circulation  as  in  cardiac  and  renal  disease,  in 
atherosclerosis,  in  emphysema,  in  cirrhosis  of  the  lung,  in  kyphoscoliosis, 
and  in  certain  metabolic  diseases,  especially  obesity  and  gout.  Certain 
families  seem  to  be  definitely  predisposed. 

Chronic  bronchitis  may  also  occur  as  an  accompaniment  of  chronic 
infections  of  the  limg  (pneumococcus,  tubercle  bacillus),  and  of  bron- 
chiectasis. 

Symptoms. — The  patients  are  usually  afebrile;  they  suffer  from  a 
chronic  cough,  worse  in  winter  ("winter  cough"),  with  more  or  less  expec- 
toration. The  physical  signs  in  chronic  bronchitis  vary  according  to  the 
amount  of  the  secretion;  when  it  is  scanty  ("dry  catarrh"),  there  are 
sibilant  and  sonorous  rhonchi ;  when  it  is  abundant,  moist  rales,  of  vari- 
able size,  but  non-consonating,  are  audible.  The  signs  are  present  in  both 
lungs  and  are  most  marked  in  the  lower  lobes.  The  different  forms  of 
chronic  bronchitis  are  distinguishable  by  the  characters  of  the  sputum. 
iSee  above.)     The  patients  are  more  or  less  cyanotic,  and  exhibit  an 
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expiratory  dyspnea.  After  the  disease  has  lasted  for  some  time,  the 
patients  all  show  signs  of  pulmonary  emphysema.  In  this  disease,  the 
general  state  of  the  patient  may  not  be  much  affected ;  in  acute  exacerba- 
tions, however,  there  may  be  fever  and  increased  dyspnea.  In  such 
acute  exacerbations  it  is  common  to  find  at  one  or  both  bases  posteriorly 
an  area  of  impaired  resonance  on  percussion  with  a  diminution  in  the 
breath  sounds  and  numerous  coarse  rales;  the  presence  of  such  evidence 
of  a  complicating  hypostatic  pneumonia  should  be  especially  looked  for  in 
older  people. 

Diagnosis. — An  important  clew  lies  in  the  fact  that  in  uncomplicated 
chronic  bronchitis,  the  physical  signs  indicate  a  diffuse- involvement  of 
both  lungs,  though  they  may  bo  more  marked  in  some  parts  than  in  others. 
One  must  carefully  exclude  tuberculosis  (family  history,  stain  for  bacilli, 
physical  study  of  apices,  x-ray).  The  frequent  association  of  chronic 
bronchitis  with  emphysema,  with  heart  disease,  and  with  nephritis  should 
be  kept  in  mind.  Putrid  bronchitis  is  commonest  in  association  with 
bronchiectasia,  and  with  pulmonary  gangrene. 
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(e)    Bronchial  Asthma 

(Asthma  bronchiale;  Nervous  Asthma) 

Definition. — A  condition  in  which  paroxysmal  attacks  of  marked  dysp- 
nea (chiefly  expiratory)  occur,  due  to  sudden  bronchospasm  and  to  swell- 
ing of  the  bronchial  mucous  membrane,  and  apparently  dependent 
sometimes  upon  a  reflex  neurosis,  sometimes  upon  anaphylactic  chemical 
stimulation  of  the  autonomic  ne'rvous  system. 

Etiology. — ^Among  the  sites  of  irritation  in  the  cases  due  to  reflex  neu- 
rosis may  be  mentioned  (1)  the  nose,  especially  enlarged  conchae  and  nasal 
polypi  (nasal  asthma);  (2)  the  genitals  (asthma  sexuale),  especially  the 
uterus  in  the  female,  the  posterior  urethra  in  the  male;  and  (3)  the 
tracliea  and  bronchi.  Heredity  plays  an  important  role.  Rickets  and  gout 
seem  to  be  predisposing  factors.  The  asthma  due' to  hay  fever  has  already 
been  described. 

In  the  anaphylactic  cases,  the  patients  seem  to  be  susceptible  to  various 
jiroteins  that  act  as  "asthmogenic  substances";  among  these  may  be 
mentioned  horse  serum  and  egg  albumen. 

Sjrmptoms. — During  an  attack,  respiration  is  labored,  though  not  neces- 
sarily accelerated;  cyanosis  and  orthopnea  are  common.  An  acute  pul- 
monary emphysema  (volumen  pulmonum  auctum),  with  descent  of  the 
diaphragm,  develops  also  during  the  attack. 
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Attacks  are  common  at  night;  they  usually  last  several  hours,  some- 
times days. 

In  an  attack,  the  lower  limits  of  the  lung  are  depressed  and  but  little 
mobile;  the  superficial  cardiac  dullness  is  diminished;  a  boxlike  tone  is 
elicitable  on  percussion.  The  respiratory  murmur  is  obscured  by  loud 
snoring  and  whistling  sounds,  especially  during  expiration.  At  the  end 
of  an  attack,  a  tough  mucus,  containing  Charcot-Leyden  crystals,  eosino- 
phils, and  Curschmann's  spirals,  may  be  expectorated.  Inspiration  may 
be  roughened,  and  expiration  prolonged,  for  a  period  after  the  subsidence 
of  the  attack;  later,  these  signs  and  the  rhonchi  disappear.  In  long- 
standing cases,  permanent  pulmonary  emphysema  develops. 

The  disease  is  more  common  in  men  than  in  women,  and  in  "nervous'' 
people  than  in  the  phlegmatic. 

Diagnosis. — ;True  bronchial  (or  "neurogenic")  asthma  is  to  be  dis- 
tinguished (1)  from  cardiac  asthma;  (2)  from  the  dyspnea  of  emphy- 
sema; (3)  from  renal  asthma;  (4)  from  spasm  of  the  glottis  (here  the 
dyspnea  is  inspiratory,  not  expiratory) ;  and  (5)  from  hysterical  pseudo- 
asthma  (absence  of  cyanosis,  violent  thoracic  movements,  "barking"). 

In  this  country  attention  has  been  paid  of  late  to  bronchial  asthma 
considered  as  an  anaphylactic  phenomenon.  The  matter  has  been  dis- 
cussed by  Meltzer,  by  Matthews,  by  Koessler  and  others.  Some  asthmatic 
patients  seem  to  be  especially  sensitive  to  certain  proteins.  One  of  my 
patients  recently  gave  a  sharp  reaction  to  serum  protein,  another  a  violent 
reaction  to  milk  protein.  Many  asthmatic  patients  are  said  to  be  sen- 
sitive to  egg-white,  a  few  to  meat  proteins.  The  tests  for  sensitization 
are  easily  made  by  intradermic  injection  of  a  minute  quantity  of  the 
protein. 
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2.    Dilatatioo  of  the  Broochi 

(Bronchiectasia  or  Bronchiectasis) 

The  bronchi  may  undergo  (1)  diffuse  (cylindrical)  dilatation,  or  (2) 
circumscribed  (saccular,  or  spindle-shaped)  dilatation;  the  condition  is 
known  as  bronchiectasia  or  bronchiectasis.  One,  several,  or  all  of  the 
bronchi  may  be  involved. 

Etiology. — Bronchiectasias  are  usually  the  result  of  chronic  inflamma- 
tions that  weaken  the  walls  of  the  bronchi,  diminishing  their  elasticity 
and  increasing  their  distensibility.  A  localized  form  may  follow  those 
cicatricial  processes  in  the  lungs  or  pleura  that  lead  to  traction  upon  the 
walls  of  the  bronchi  from  without  (after  pneumonia  or  pleurisy).  A 
very  important  factor,  in  many  cases,  is  increased  pressure  tuithin  the 
lumen  of  the  bronchus  through  increased  (expiratory)  air  pressure,  or 
through  accumulated  secretions. 

Cylindrical  bronchiectasia  is  common  in  children  after  capillary 
bronchitis,  bronchopneumonia  or  pertussis ;  in  adults  it  is  often  a  sequel  to 
chronic  bronchitis.  Saccular  bronchiectasia  may  be  the  sequel  of  a 
))xoncbiostenosis  due  to  pressure  from  aneurism  or  neoplasm  or  to  scars 
from  ulceration  of  the  bronchial  wall  in  lues  or  in  tuberculosis ;  occasion- 
ally it  follows  aspiration  of  a  foreign  body.  In  chronic  indurative 
processes  in  the  lung  (e.g.,  in  Corrigan's  pulmonary  cirrhosis),  and  in 
thickened  pleura,  bronchiectasis  sometimes  develops. 

Sjrmptoms. — Paroxysmal  cougl^  with  expectoration  by  "mouthfuls" 
in  the  morning,  especially  on  change  of  posture,  is  the  characteristic  diag- 
nostic sign. 

The  sputum  is  abundant,  and  usually  putrid  (due  to  a  complicating 
putrid  bronchitis) ;  it  separates  typically  into  three  layers  (frothy,  serous, 
and  purulent),  the  lowermost  layer  containing  Dittrich's  plugs.  Tissue 
fragments  are  not  present  in  the  sputum  in  simple  bronchiectasia ;  when 
found,  they  point  to  abscess,  or  to  gangrene,  of  the  lung.  The  albumin 
content  of  the  sputum  is  not  abnormally  increased. 

In  the  saccular  form,  the  physical  signs  of  a  cavity  (q.  v.)  may  be  dis- 
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tihguisHable  after  expectoration.  The  auscultatory  findings  may  differ 
markedly  before  and  after  expectoration.  The  persistence  of  rales  in  a 
definite  area  of  the  thorax  often  permits  one  to  localize  a  bronchial  dilata- 
tion in  the  absence  of  cavernous  symptoms.  Exquisite  pictures  of  the 
bronchial  tree  on  both  sides,  and  of  any  dilatations  existing,  are  obtainable 
by  stereoscopic  rontgenography. 

There  is,  in  cases  of  long  standing  bronchiectasis,  a  marked  tendency 
to  recurring  attacks  of  acute  infection  of  the  diseased  bronchi.  In  the 
more  severe  of  these  attacks  there  is  considerable  elevation  of  temperature, 
the  amount  of  sputum  in  the  first  days  may  be  diminished,  and  signs  of 
bronchopneumonia  appear  over  the  portions  of  the  lungs  affected.  Dif- 
fuse impairment  of  the  percussion  note  is  observed,  and  patches  of  tubu- 
lar breathing  and  moist  rales  are  found.  The  repetition  of  these  acute 
attacks  gives  to  the  disease  its  progressive  character. 

Hemoptysis  is  common,  and  may,  erroneously,  excite  the  fear  of 
tuberculosis.  Bulbous  enlargement  of  the  finger-tips  is  often  present  in 
bronchiectasia.  Rontgenograms  show  the  change  in  the  tips  of  the 
phalanges,  and  often  also  subperiosteal  bony  deposits  along  the  shafts  of 
the  phalanges  and  metacarpal  bones  (toxicogenic  osteoperiostitis). 

Complications. — The  accompanying  putrid  bronchitis  may  give  rise  to, 
or  follow,  gangrene  of  the  lung.  Metastatic  infections  (brain  abscess, 
arthritis)  are  not  so  very  uncommon  as  complications  of  bronchiectasia. 
Inflammatory  infiltrations  of  the  parenchyma  of  the  lung  near  the  cavity 
are  common ;  occasionally  pleuritis  or  empyema  develops,  the  latter  often 
becoming  putrid. 

Diagnosis. — Before  the  x-ray  could  be  applied,  diagnosis  was  often  very 
diflScult  Even  now  there  may  be  difficulty,  especially  in  the  pure 
bronchitic  forms  with  simply  general  cylindrical  ectasia.  In  saccular 
ectasia,  if  cavity  symptoms  are  present,  the  localization  is  easy  through 
the  physical  signs  and  through  stereoscopic  rontgenograms;  sometimes 
rales  audible  over  a  circumscribed  area  are  the  only  localizing  signs. 
The  sputum  raised  by  mouthfuls  in  the  morning  is  often  more  decisive 
than  the  physical  signs  over  the  lungs.  In  ruling  out  tuberculosis, 
chronic  lung  abscess,  and  pulmonary  gangrene,  our  diagnostic  resources 
are  sometimes  taxed  to  the  utmost;  the  same  is  true  of  liver  abscess  and 
of  subphrenic  abscess  rupturing  into  the  lung,  A  careful  consideration  of 
the  anamnesis,  the  physical  signs  and  the  x-ray  findings  will  usually  per- 
mit us  to  arrive  at  a  correct  diagnosis.  Bronchoscopy  may  be  resorted  to 
in  doubtful  cases,  and  probably  should  always  be  applied  before  advising 
surgical  therapy. 
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3.    Steoosis  of  the  Trachea  aod  of  the  Broochi 

{Tracheostenosisy  Bronchiostenosis,  Foreign  Bodies  in  the  Bronchi) 

Stenosis  of  the  trachea  or  bronchi  may  result  from  (1)  inflammatory 
exudate  (c.  jr.,  diphtheria,  fibrinous  bronchitis)  or  cicatrix  (lues);  (2) 
foreign  bodies,  especially  in  children  (peas,  beans,  buttons,  coins,  bone), 
and  in  adults  under  anesthesia  (tooth) ;  and  (3)  pressure  from  without 
(aneurysm,  goiter,  carcinoma,  enlarged  glands,  etc.). 

The  dyspnea  is  often  extreme,  with  stridor  on  inspiration  and  on 
expiration.  The  diagnosis  of  bronchiostenosis  depends  upon  (1)  the  an- 
amnesis, (2)  decreased  movement  of  the  affected  side,  and  (3)  enfeeble- 
ment  of  the  respiratory  murmur  in  the  area  supplied  by  the  bronchus. 
When  the  cause  of  the  bronchiostenosis  is  unknown,  it  may  sometimes  be 
discovered  by  rontgenography  or  by  bronchoscopy  (q.  t\).  Moreover, 
rontgenography  and  rontgenoscopy  reveal  a  characteristic  lung  area  in 
bronchiostenosis. 
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E.    Diagnosis  of  tlie  Principal  Diseases  of 

tlie  Lun^s 

{The  Pneumopathies) 

For  clinical  purposes  the  principal  diseases  of  the  lungs  may  be 
divided  into  five  main  groups : 

1.  Pneumopathies  of  inflammatory  origin   (pneumonias). 

2.  Pneumopathies  due  to  alteration  of  the  air  content  of  the  alveoli 

(atelectasis,  emphysema), 

3.  Pneumopathies  of  circulatory  origin. 

4.  Pneumopathies   due   to   the   presence  of  foreign  bodies   and  of 

parasites. 

5.  Pneumopathies  due  to  neoplasms  (tumors  of  the  lung). 
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L    The  loflammatory  Poeumopathies  or  Poeumooias 

These  are  divisible  into  three  great  groups : 
I.     The  parenchymatous  pneumonias: 

(a)  Genuine  lobar  pneumonia  (fibrinous). 

(b)  Lobular  or  bronchopneumonia  (catarrhal). 

(c)  Metastatic  pneumonia  (embolic). 

(d)  Chronic  pulmonary  abscess  and  gangrene. 

(e)  Gangrene  of  lung. 

II.     The  interstitial  pneumonias. 
III.     The  "specific"  pneumonic  processes: 

(a)  Tuberculous  pneumonia. 

(b)  Luetic  pneumonia. 

(c)  Actinomycotic  pneumonia,  etc. 

L    THE   PARENCHYMATOUS   PNEUMONIAS 
(a)    Genuine  Lobar  Pneumonia 

{Fibrinous  or  Croupous  Pneumonia) 

Definition.-^ An  acute  infectious  disease  of  sudden  onset  (violent  chill, 
high  fever,  tachypnea,  and  stitch  in  the  side),  usually  without  prodromata, 
and  leading  to  consolidation  of  one  or  more  lobes  of  the  lung. 

Etiology. — ^The  disease  is  caused  by  infection  with  the  pneumococcus 
{Micrococcus  lanceolatus) ;  rarely  with  the  Bacillus  mucosus  capsulatu^s 
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(Friedlander's  pneumobacUlus).  For  the  several  strains  of  pneumooocci 
concerned,  see  the  Section  on  Infectious  Diseases  in  which  Cole  and 
Dochez's  work  is  referred  to  (Part  IV). 

The  disease  may  occur  at  any  time  of  year,  but  is  commonest  in 
the  United  States  during  the  winter  months.  According  to  Keller,  the 
incidence  of  lobar  pneumonia  is  inversely  proportional  to  the  rain-falL 
Conditions  that  predispose  a  person  to  the  infection  include  exposure 
to  cold  and  wet,  trauma,  and  irritation  of  inhaled  gases  or  dust.  One 
that  has  once  had  an  attack  is  likely  to  have  another  or  several  attacks 
later  on  in  life.  Children  and  old  people  are  often  affected.  Women 
suffer  less  often  than  men.  Contagion  seems  to  play  a  part  sometimes, 
especially  in  pneumonia  epidemics. 

Symptoms. — Clinically,  lobar  pneumonia  runs  its  course  in  three 
stages : 

1.  The  initial  stage  (corresponding  histologically  to  the  stage  of 
ENGORGEMENT  and  of  beginning  infiltration). 

2.  The  stage  of  demonstrable  consolidation  of  the  lung  tissue  (cor- 
responding histologically  to  red  hepatization  and  gray  hepatization). 

3.  The  stage  of  convalescence,  with  fall  of  temperature  (often  by 
crisis,  sometimes  by  lysis)  and  return  of  the  physical  signs  to  normal 
(corresponding  histologically  to  the  stage  of  besolution,  or  absorption,  of 
the  exudate  after  autolysis). 

On  inspection,  the  patients  usually  look  very  ill.  The  respiration  is 
accelerated  (30-60  per  minute)  and  shallow,  partly  owing  to  the  pleural 
pain.  There  is  cyanosis,  marked  dilation  of  the  nostrils  during  respiration, 
coughing,  and  diminished  expansion  of  the  thorax  on  the  side  affected. 
The  face  is  flushed  but  sometimes  only  on  the  side  of  the  affected  lung. 
The  patient  may  lie  on  the  affected  side  in  order  to  lessen  the  pain  by 
restricting  movement. 

On  palpation,  the  vocal  fremitus  is  increased  over  the  affected  lobe  as 
long  as  the  bronchus  is  patent*  Expansion  of  the  side  affected  is  dimin- 
ished. A  friction  fremitus  due  to  the  accompanying  dry  pleurisy  may 
be  palpable. 

On  percussion  over  the  affected  lobe  (most  frequently  the  lower  right) 
the  note,  in  the  initial  stage,  may  be  slightly  higher  pitched  and  somewhat 
tympanitic  (Skoda's  resonance).  When  consolidation  has  taken  place,  the 
note  is  dull,  but  not  absolutely  flat,  retaining  usually  a  slight  tympanitic 
quality.  On  resolution,  the  note  gradually  grows  less  dull,  but  it  remains 
higher  pitched  than  normal,  and  slightly  tympanitic,  for  a  long  time 
(weeks  or  months)  after  convalescence  has  begun.  In  central  pneumonia, 
outspoken  dullness  may  be  absent  for  days  after  the  onset  of  the  disease. 
When  the  lower  lobe  is  involved,  the  percussion-note  over  the  upper  front 
of  the  chest  is  often  lowered  in  pitch  and  sometimes  slightly  tympanitic, 
due  to  relaxation  of  the  air-containing  lung. 
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On  auscultation,  during  the  first  twenty-four  hours,  that  is,  during 
b^inning  infiltration,  fine  crepitation  is  audible  on  inspiration  {crepitatio 
indux).  During  the  stage  of  consolidation,  this  fine  crepitation  disappears 
and  loud  bronchial  breathing  and  bronchophony  become  audible  over  the 
dull  area.  Kales  may  be  absent  at  this  stage ;  if  present,  owing  to  a  marked 
bronchitis,  they  are  consonating.  During  resolution,  the  bronchial  breath- 
ing gradually  disappears,  fine  crepitation  (crepitatio  redux)  reappears, 
and,  later,  coarser  sounds  (moist  rales)  become  audible,  especially  on 
expiration ;  should  the  fine  crepitation  persist  long,  it  is  a  sign  of  delayed 
resolution.  Pleuritic  friction  is  often  audible.  If  the  bronchus  to  the 
diseased  lobe  become  plugged,  the  bronchophony  and  the  increased  vocal 
fremitus,  otherwise  present,  may  not  be  observable.  It  should  be  borne 
in  mind  that  in  the  earlier  stage  of  lobar  pneumonia  the  breath  sounds 
may  be  suppressed. 

The  sputum  is  scanty,  very  tenacious,  and  is  often,  though  not  always, 
of  a  rusty  tint;  many  lancet-shaped  diplococci  and  red  blood  corpuscles 
are  present.  Sometimes,  small  fibrin  casts  are  visible.  On  resolution,  the 
sputum  becomes  purulent,  and  later  mucoid. 

On  rontgenoscopy  one  sees  a  clear  limg  field  for  several  hours  after  the 
initial  chill ;  then  an  even  shadow  appears  over,  as  a  rule,  one  whole  lobe, 
growing  gradually  darker  as  hepatization  proceeds ;  during  resolution,  the 
shadow  grows  less  intense,  but  some  shadow  remains  for  from  two  to  eight 
weeks  after  the  attack. 

The  fever,  at  onset,  rises  rapidly  to  its  height  (103°-105°  F.),  and 
remains  very  constant  during  the  f  astigium  or  stadium  acmes.  The  maxi- 
mal temperatures  are  seen  between  the  fourth  and  the  sixth  days.  During 
the  fastigiimi,  the  fever  is,  as  a  rule,  slightly  remittent,  but  it  may  be 
continuous,  or,  in  rare  cases,  intermittent.  The  fever  commonly  ends  by 
crisis  (5th  to  11th  day),  with  sweats  and  slowing  of  the  pulse  and  res- 
piration; sometimes,  a  pseudocri^is  precedes,  by  a  day  or  two,  the  real 
crisis.    Or,  the  fever  may  terminate  by  ly^^^s. 

The  rate  of  the  ptdse  is  ordinarily  from  100  to  116 ;  in  cases  in  which 
the  pulse  rises  above  120,  the  mortality  is  high.  Dilatation  of  the  right 
heart  sometimes  occurs.  The  excretion  of  chlorids  in  the  urine  is  sup- 
pressed. Herpes  labialis,  a  frequent  accompaniment,  appears  on  the  sec- 
ond or  third  day  of  the  disease.  There  is  nearly  always  a  leukocytosis 
of  from  12,000  to  60,000  or  more;  in  the  differential  count  the  increase 
is  seen  to  be  in  the  polymorphonuclear  neutrophils.  In  very  grave  in- 
fections, there  may  be  a  leukopenia  instead  of  a  leukocytosis.  The  fibrinr 
content  of  the  blood  and  the  blood  platelets  are  increased.  In  many  cases, 
a  blood  culture  will  reveal  the  presence  of  the  pneumococcus. 

In  children,  the  initial  chill  may  be  replaced  by  a  convulsion.  The 
symptoms  may  simulate  meningitis  (delirium,  vomiting,  rigidity)  ;  while 
a  true  meningitis  may  complicate  the  disease,  these  symptoms  are  usually 
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due  to  intoxication  (meningismus).  Similar  grave  nerrona  symptoma 
may  alao  be  met  with  in  adults.  Drunkards  may  develop  delirium 
tremens  in  pneumonia. 

The  epleen  is  probably  always  a  little  enlarged,  but  it  becomes  palpable 
in  less  than  a  quarter  of  the  cases. 

Vomiti-ng  is  common  in  children  at  the  onset;  it  is  sometimes  present 
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in  adults,  especially  in  apical  pneumonia.    In  aatbenic  pneimionia  gastro- 
intestinal symptoms  (diarrhea,  vomiting,  slight  icterus)  may  be  marked. 

f^ecial  Tonus  of  Lobar  Pnenmoiiia. — When  the  upper  lobe  is  involved 
(apical  pneumonia)  the  mortality  is  high.  One  lobe  after  another  may 
become  affected  (wandering  pneumonia  or  pnedmonia  miorams).  Pneu- 
monia is  an  especially  fatal  disease  in  drunkards  (delirium  tremens,  heart 
failure,  gangrene) ,  in  the  aged,  in  the  very  young,  and  in  patients  suffering 
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from  obesity,  emphysema,  or  cardiac  disease.    Pneumonia  involving  both 
lungs  is  known  as  double  pneumonia. 

In  CENTRAL  PNEUMONIA,  the  physical  signs  usually  present  on  percus- 
sion and  on  auscultation  may  be  absent;  there  may  even  be  no  rusty 
sputum.  The  diagnosis  has  to  be  made  as  a  probability  diagnosis  from 
the  mode  of  onset,  the  febrile  course,  the  tachypnea  and  the  leukocytosis ; 
in  some  cases,  a  positive  blood  culture  (pneumococcus),  or  a  central  shadow 
on  rontgenoscopy  will  be  decisive. 

In  ASTUENic  PNEUMONIA,  the  coursc  may  be  nearly  afebrile  and  the 
physical  signs  atypical;  the  nervous  and  gastro-intestinal  symptoms  are 
often  pronounced;  the  patients  are  markedly  prostrated  from  the  beginning, 
and  may  show  the  signs  of  what  is  often  called  a  "typhoid  state";  the 
course  is  often  protracted  and  the  mortality  very  high. 

In  so-ealled  massive  pneumonia,  there  is  dullness  on  percussion  ex- 
tending over  the  whole  of  one  side  of  the  thorax,  accompanied  by  a  feeling 
of  great  resistance  on  percussion.  The  bronchi  are  plugged  with  exudate 
and  no  sounds  may  be  audible  on  auscultation.  It  is  but  little  wonder  that 
in  such  cases  of  massive  pneumonia  the  condition  is  sometimes  mistaken 
for  a  huge  pleural  effusion ;  but  the  heart  is  not  displaced  and  Grocco's 
triangle  of  dullness  is  not  present. 

Complications. — These  include  empyema,  pericarditis,  endocarditis, 
meningitis ;  more  rarely  arthritis,  nephritis  or  peritonitis.  Abdominal  pain 
is  not  uncommon  at  the  onset  of  pneumonia ;  an  acute  surgical  condition 
in  the  abdomen  has  often  been  suspected  and  exploratory  laparotomy  done ! 

Sequelae. — Abnormal  terminations  of  lobar  pneumonia  include  abscess 
of  the  lung,  gangrene,  tuberculosis,  and  chronic  pneumonia  (unresolved 
and  organizing  exudate). 

Diagnosis. — In  frank  cases  of  lobar  pneumonia  little  difficulty  in 
diagnosis  is  experienced;  the  sudden  onset  with  chill,  fever,  pain  in  the 
side,  rapid  breathing,  Cough,  rusty  sputum,  and  herpes,  combined  with  the 
physical  signs  above  described,  is  conclusive.  Some  difficulty  may  be 
experienced  in  the  early  stage  of  the  disease  in  cases  in  which  the  sub- 
jective symptoms  are  masked  by  the  presence  of  complicating  conditions. 
Thus  in  cases  of  meningitis,  of  delirium  tremens,  in  surgical  accident 
cases;  etc.,  the  presence  of  a  lobar  pneumonia  can  readily  be  overlooked 
unless  the  investigation  of  the  case  and  the  analysis  of  the  findings  be 
thorough.  At  times  the  symptoms  at  onset  may  suggest  other  conditions ; 
thus  abdominal  pain,  vomiting,  distention  and  frequently  jaundice  may 
lead  to  suspicion*  of  the  existence  of  peritonitis;  or  meningitis  may  be 
diagnosed  because  of  the  delirium,  headache,  fever  and  leukocytosis. 

The  slow  development  of  the  physical  signs  of  consolidation  often 
leads  to  confusion.  The  whole  condition  may  erroneously  be  thought 
to  be  due  to  a  simple  pleurisy;  or  the  slight  impairment  of  resonance 
and  the  diminution  in  breath  sounds  that  are  found  may  be  considered 
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insufficient  evidence  of  pulmonary  involvement.  A  rontgenogram  of  the 
chest  may  be  of  value,  in  obscure  cases,  at  this  time,  for  central  pneu- 
monias, or  an  early  lobar  consolidation  may  thus  be  clearly  demon- 
strable. 

The  atypical  physical  signs  observed  over  a  massive  pneumonia 
(absence  of  tubular  breathing  and  vocal  fremitus  due  to  plugging  of 
bronchi)  have  frequently  led  to  confusion  with  pleurisy  with  effusion, 
or  with  an  empyema.  Should  doubt  exist,  it  is  always  wise  to  explore 
the  chest  thoroughly  with  a  needle.  Acute  lobar  pneumonia,  especially 
when  situated  at  one  apex,  may  readily  be  confused  with  acute  tuberculous 
bronchopneumonia.  The  further  course  will  differentiate  between  these 
conditions  readily  but  an  early  diagnosis  often  requires  great  skill  in  the 
interpretation  of  the  data  (history;  physical  signs;  rontgenogram;  sputum 
examinations  including  cultures;  blood  culture;  leukocyte  count,  includ- 
ing a  differential  count).  Caseous  pneumonia  involving  a  whole  lobe 
and  the  pseudolobar  form  of  bronchopneumonia  are  two  conditions  often 
mistaken  for  true  lobar  pneumonia  of  pneumococcal  origin. 

On  entering  a  sick-room  in  winter  when  pneumonia  is  prevalent,  an  increase 
in  the  patient's  respirations  per  minute  may  at  once  call  attention  to  the  possi- 
bility of  a  ptdmonary  involvement.  I  have  been  surprised  to  find  how  common 
it  is  for  students  and  even  for  physicians  of  considerable  experience  to  neglect 
this  sunple  observation  and  to  fail  to  think  of  the  possibility  of  the  developing 
pneumonia  to  which  a  tachypnea  frequently  points. 
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(ft)    Bronchopneumonia 

(Catarrhal  Pneumonia,  Lobular  Pneumonia,  Focal  Pneumonia) 

Definition. — This  is  usually  an  extension  of  a  bronchitis  to  the  lobules 
of  the  lung  supplied  by  the  single  bronchioles — hence  the  term  lobular 
jmeumonia.  A  lobar  infiltration  may  be  simulated  by  the  confluence 
of  numerous  bronchopneumonic  foci.  But  focal  pneumonia  is  not  always 
aecondary  to  a  bronchiolitis ;  sometimes  the  bronchioles  and  the  parenchyrtia 
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of  the  lung  are  simultaneously  involved;  or  bacteria  may  be  aspirated 
directly  into  the  alveoli,  causing  a  pneumonia  not  preceded  by  a  bron- 
chitis; sometimes,  the  focal  process  arises  because  of  bacteria  arriving 
by  way  of  the  blood  vessels  (see  Embolic  Pneumonia)  or  by  way  of  the 
lymph  channels. 

Ooourrence. — The  disease  is  most  common  in  childhood,  frequently  fol- 
lowing measles,  whooping-cough  and  influenza.  Recurring  attacks  are 
often  seen  in  children  suffering  from  infected  tonsils  and  adenoids.  Many 
of  the  cases  designated  capillary  bronchitis  are  really  instances  of  broncho- 
pneumonia with  numerous  small  foci  scattered  through  both  lungs. 
Bronchopneumonia  is  not  uncommon  in  the  aged  and  enfeebled;  it  may 
occur  also  after  operations  ("ether  pneumonia"),  in  some  comatose 
patients  (apoplexy,  uremia),  and  in  patients  that  vomit  much  (carcinoma 
ventriculi,  peritonitis). 

Etiology. — The  infection  is  usually  due  to  the  pneumoooccus,  the  strep- 
tococcus, Friedlander's  bacillus,  or  the  staphylococcus;  occasionally,  it  is 
due  to  the  Bacillus  influenzae,  the  Bacillus  coli,  the  meningococcus,  the 
Bacillus  pestis,  the  Micrococcus  catarrhalis,  or  other  bacteria.  The  broncho- 
pneumonia is  usually  secondary  to  a  preceding  bronchitis  of  a  descending 
type. 

One  form  of  bronchopneumonia,  known  as  aspiration  pneumoioa  or 
POEEioN-BODY  PNEUMONIA,  f ollows  the  aspiratiou  of  food  or  other  particles 
into  the  trachea  and  bronchi ;  it  involves,  usually,  the  lower  lobes  and  is 
especially  prone  to  become  purulent  or  putrid. 

In  HYPOSTATIC  PNEUMONIA^  occurriug  in  bed-ridden  patients  with 
faulty  circulation,  there  is  usually  a  slight  bronchopneumonia  with  atelec- 
tasis. Indeed,  in  most  bronchopneumonias,  there  are  usually  signs  of 
more  or  less  widespread  atelectasis  accompanying  the  focal  infiltrative 
process. 

Symptoms. — The  clinical  picture  is  far  more  variable  than  that  seen  in 
genuine  lobar  pneumonia.  The  patients  show  remittent  fever,  tachypnea, 
dyspnea,  tachycardia  and  cyanosis.  As  a  rule,  both  lungs  are  involved. 
When  the  foci  of  infiltration  are  close  together,  the  diseased  portion  of 
the  lung  being  as  large  as  a  silver  dollar,  a  dull  or  slightly  tympanitic  note 
may  be  demonstrable;  only  rarely  is  there  outspoken  dullness. 

On  auscultation,  numerous  small  and  medium-sized  rales,  often  con- 
sonating,  can  be  made  out  oyer  circumscribed  areas,  first,  as  a  rule,  over 
the  lower  lobes.  Over  larger  infiltrations,  bronchial  breathing,  broncho- 
phony and  increased  vocal  fremitus  may  become  demonstrable.  In  in- 
fluenzal pneumonia,  many  foci  may  appear  simultaneously  or  successively ; 
the  physical  signs  (rales,  roughened  breathing,  bronchophony)  may  be 
very  different  over  different  foci ;  the  foci  of  infiltration  inay,  later,  fuse 
and  cause  consolidation  of  a  whole  lobe  (psendolobar  pnev/monia) ;  the 
"jumping''  of  the  inflanmiatory  process  from  one  spot  to  another  may  be 
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a  striking  feature,  the  bronchial  breathing  and  crepitant  rales  soon  dis- 
appearing from  one  spot  and  becoming  audible  at  another. 

The  sputum^  absent  in  young  children,  is  in  adults  mucopurulent,  and 
occasionally  blood-stained.  Cultures  made  on  blood-agar,  by  Luetscher's 
method,  from  a  washed  ball  of  fresh  sputum,  will  usually  reveal  the  causal 
microorganism  in  pure,  or  in  nearly  pure,  culture.  Blood-agar  is  essential 
for  the  demonstration  of  the  presence  of  hemoglobinophil  bacteria  like  the 
Bacillus  influenzae.  The  fever  is  more  irregular  than  in  lobar  pneumonia ; 
it  often  lasts  three  weeks  or  longer,  and  it  ends  by  lysis. 

There  is  always  danger  of  circulatory  failure  either  from  failure  of 
vasomotor  tone  or  from  weakening  of  the  right  heart  owing  to  the  obstruc- 
tion in  the  pulmonary  circulation. 

Pleuritis,  pericarditis,  and  otitis  media  are  common  complications. 
Tuberculosis  often  follows  in  persons  predisposed  to  the  disease.  Abscess 
and  gangrene  of  the  lung  occasionally  occur  as  complications,  especially 
in  aspiration  pneumonia.  Severe  diarrhea  sometimes  sets  in,  probably 
a  toxic  symptom.  In  the  old,  in  the  feeble,  and  in  rachitic  children,  the 
outlook  is  grave. 

Differential  Diagnosis. — We  must  distinguish  bronchopneumonia  (1) 
from  atelectasis  (enfeebled  breath  sounds,  absence  of  consonating  rales, 
sometimes  sudden  disappearance  of  dullness  after  deep  inspirations)  ;  (2) 
from  genuine  lobar  pneumonia  (onset,  duration,  crisis,  and  quick  resolu- 
tion);  (3)  from  pleuritis  duplex  (exploratory  puncture  when  in  doubt); 
(4)  from  pulmonary  tuberculosis,  with  or  without  complicating  pyogenic 
infection. 
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(c)    Metastatic  (Embolic)  Pneumonia 

This  is  always  a  part  of  some  septic  process,  usually  a  phlebitis,  some- 
where in  the  body.  Septic  emboli,  arriving  through  the  pulmonary  artery, 
cause  septic  infarcts,  which  may  lead  to  embolic  pneumonia,  to  lung 
abscess,  or  to  gangrene.  The  pleura  is  often  involved,  and  empyema  or 
pneumothorax  may  follow. 

The  diagnosis  rests  upon  the  local  signs  combined  with  the  demonstra- 
tion of  the  existence  of  the  primary  infectious  process  elsewhere  in  the 
body. 

(d)    Abscess  of  the  Lung 

Daflnition. — A  suppurative  inflammation  involving  the  lung  substance. 

Etiology. — In  the  acute  and  subacute  forms,  the  pyogenic  infection  (1) 
may  follow  trauma,  with  tear  of  the  lung;  (2)  may  be  due  to  septic  emboli 
(in  puerperal  fever,  thrombosis  of  cerebral  sinuses,  ulcerative  endocarditis, 
phlebitis,  etc.)  ;  (3)  may  result  from  rupture  of  an  abscess  into  the  lung 
(from  the  liver,  subphrenic  area,  or  retroperitoneum);  (4)  may  follow 
aspiration  of  a  foreign  body;  (5)  may  be  a  sequel  to  genuine  lobar  pneu- 
monia, or  to  an  influenzal  or  other  form  of  bronchopneumonia;  (6)  may 
occur  as  a  secondary  process  in  cancer  of  the  esophagus,  tuberculosis,  ac- 
tinomycosis, or  glanders. 

In  the  so-called  chronic  abscess  of  the  lung,  we  have  to  deal,  as  Frankel 
has  shown,  less  with  actual  abscess  formation  (in  which  a  cavity  arises 
from  purulent  softening)  than  with  a  necrosis  followed  by  ulceration, 
the  condition  occurring  in  the  course  of  subacute  indurative  pneumonia  or 
in  cirrhosis  of  the  lung  where  necrosis  may  result  from  insufficient  blood 
supply  in  the  indurated  tissue.  Such  a  process  should  scarcely  be  desig- 
nated "chronic  abscess" ;  it  would  seem  preferable  to  use  the  terms  sug- 
gested by  Charcot,  namely  "chronic  ulcerative  pneumonia"  or  "chronic 
ulcer  of  the  lung." 

Symptoms. — ^When  abscess  occurs  as  a  sequel  of  lobar  pneumonia,  there 
is  (1)  delayed  resolution  of  the  pneumonic  exudate,  and  (2)  a  continuance 
of  the  fever  with  the  development  of  a  "choppy"  temperature  chart  duo 
to  morning  remissions  and  evening  exacerbations  of  the  fever — always 
strongly  suggestive,  after  pneumonia,  of  either  empyema  or  lung  abscess. 
At  first  the  sputum  may  be  of  a  greenish  color,  as  in  most  cases  of  delayed 
resolution.  Should  the  abscess  rupture  into  one  of  the  larger  bronchi, 
the  sputum  becomes  more  abundant  and  is  often  coughed  up  in  mouthfuls. 
This  sputum  is  usually  devoid  of  odor  and  is  yellowish  or  brownish-yellow 
in  color ;  on  standing,  the  pus  sinks  in  the  form  of  a  homogeneous  yellow 
sediment,  the  supernatant  fluid  being  gray  and  turbid.  Sometimes  par- 
ticles or  fragments  of  pigmented  lung  tissue  are  visible  to  the  naked  eye. 
As  the  abscess  empties  itself,  the  temperature  may  fall,  and  the  physical 
signs  of  a  cavity  become  demonstrable.     Cavernous  breathing  appears 
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over  the  circumscribed  area,  the  breath  sounds  often  having  an  amphoric 
or  a  metallic  character.  Coarse  bubbling  rales  may  be  heard,  and  some- 
times metallic  rales.  A  stereoscopic  rontgenogram  will  reveal  the  exact 
size  and  position  of  such  a  cavity.  In  favorable  cases,  the  inflammatory 
process  gradually  subsides,  the  signs  of  a  cavity  grow  leas  distinct,  the 
sputum  diminishes  in  amount  and  becomes  mucopurulent.  As  cicatriza- 
tion proceeds,  retraction  of  the  chest  wall  may  gradually  develop. 

The  patients  usually  recover.  In  rare  cases,  gangrene  of  the  lung  may 
complicate  the  process;  sometimes,  an  abscess  of  the  lung  ruptures  into 
the  pleural  cavity  and  causes  empyema ;  still  more  rarely,  abscess  of  the 
lung  may  be  followed  by  a  general  septicemia  or  pyemia. 

Differential  Diagnosis. — We  must  distinguish  abscess  of  the  lung  (1) 
from  perforated  interlobar  empyema;  (2)  from  bronchiectasis;  and  (3) 
from  pulmonary  tuberculosis  with  cavity  formation.  We  may  derive 
much  help  from  rontgenography  and  from  bronchoscopy  in  cases  difficult 
of  diagnosis. 
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(6)    Gangrene  of  the  Lung 

(^Pulmonary  Gangrene) 

Definition. — A  condition  in  which  a  portion  of  the  lung  undergoes 
necrosis  and  putrid  softening,  the  production  of  the  foul-smelling  substances 
being  due  to  the  presence  of  certain  anaerobic  bacilli.  Gangrene  may 
aflFect  a  solitary  area,  or  it  may,  especially  in  chronic  cases,  involve  several 
areas  (multiple  gangrene). 
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Etiology. — Pulmonary  gangrene  may  have  (1)  a  vascular  origin  due  to 
septic  and  putrid  emboli  from  gangrenous  processes  elsewhere  in  the  body ; 
(2)  a  bronchial  origin  as  in  the  instances  in  which  it  follows  putrid  bron- 
chitis and  bronchiectasis,  the  aspiration  of  a  foreign  body  (from  the  mouth, 
from  an  esophageal  lesion,  or,  a  lymph  gland  perforating  a  bronchus)  ; 
or  (3)  a  pulmonary  origin  owing  to  the  presence  of  some  destructive  lesion 
in  the  lung  (acute  abscess,  chronic  ulcerative  pneumonia,  pulmonary  tuber- 
culosis, trauma).  It  is  most  often  secondary  to  bronchiectasis  and  putrid 
bronchitis,  but  it  occurs  not  infrequently  also  after  influenzal  pneumonia, 
aspiration  pneumonia,  and  in  carcinoma  of  the  esophagus. 

Symptoms. — ^As  in  putrid  bronchitis,  the  sputum  is  inexpressibly  foul 
and  contains  Dittrich's  plugs.  But  in  gangrene,  particles  or  fragments 
of  lung  tissue  are  also  present  in  the  sputum,  at  least  at  times ;  in  acute 
gangrene,  large  fragments  may  appear,  whereas  in  chronic  gangrene 
coarser  fragments  may  be  entirely  absent  over  a  period  of  months.  Elas- 
tic fibers  may  or  may  not  be  present ;  they  tend  to  disappear  owing  to  the 
presence  of  a  trypsinlike  ferment. 

There  is  some  fever ;  the  face  looks  pale  and  emaciated. 

When  a  cavity  has  formed,  there  is  paroxysmal  coughing  with  mouth- 
ful expectoration,  as  in  bronchiectasis ;  the  patient  instinctively  assumes  the 
posture  in  which  the  coughing  spells  are  least  frequent. 

On  physical  examination,  the  findings  depend  upon  the  size  of  the 
cavity  and  its  proximity  to  the  surface  of  the  lung.  One  may  find  a 
tympanitic  area  (surrounded  by  an  area  of  dullness),  exhibiting  Wintrich  s 
change  of  pitch  on  opening  and  closing  the  mouth ;  over  the  same  area, 
amphoric  breathing  may  be  audible.  The  exact  size  and  position  of  the 
cavity  and  the  surrounding  infiltration  are  most  accurately  determined  by 
stereoscopic  rontgenography ;  in  a  case  of  chronic  gangrene  that  I  saw 
with  Dr.  Holtzapple  of  York,  Pa.,  the  dimensions  and  the  precise  situa- 
tion of  the  diseased  area  were  easily  demonstrable  by  this  method. 

Diagnosis. — This  is  easy  when  large  fragments  of  lung  tissue  are  present 
in  foul  sputum,  exceedingly  difficult  when  they  are  absent.  As  Frankel 
emphasizes,  the  presence  of  dullness  over  the  lower  lobes  with  loud  bronchial 
breathing  does  not  suffice  for  a  diagnosis  of  gangrene,  no  matter  how 
foul  the  sputum  may  be,  for  such  findings  are  not  uncommon  in  putrid 
bronchitis  with  concurrent  chronic  pneumonia ;  an  associated  tympany  may 
be  due  to  relaxation  of  lung  tissue  near  the  infiltrated  areas.  The  presence 
of  amphoric  breathing,  however,  speaks  in  favor  of  gangrene  and  often 
gives  the  clew  to  the  position  of  the  gangrene  cavity.  It  is  important  to 
remember  that  in  chronic  gangrene,  fragments  of  lung  tissue  may  not 
be  discoverable  in  sputum,  even  when  regularly  examined  for  months. 
The  x-ray  may  be  very  helpful  in  the  localization  of  a  process  believed 
to  be  gangrenous. 
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IL    THE   INTERSTITIAL   PNEUMONIAS 

Occasionally,  in  man,  an  acute  interstitial  pneumonia  results  from  purulent 
plenritis  (pleurogenoua  pneumonia),  not  unlike  the  pleuropneumonia  of  cattle. 

Chronic  forms  of  interstitial  pneumonia  are  met  with  in  the  pneumonoconiosea 
(q,  v.),  and  sometimes  in  tuberculosis  {q.  v.). 


m.    THE    SPECIFIC    INFLAMMATORY    PNEUMOPATHIES 

Under  this  heading  are  included  (a)  pulmonary  tuberculosis,  (b) 
syphilis  of  the  lung,  and  (c)  certain  other  processes  such  as  actinomycosis, 
streptothricosis,  glanders,  blastomycosis,  and  aspergillosis. 

(a)  Pulmonary  Tuberculosis 

(Phthisis  pulmonum) 

Definition. — A  chronic  disease  of  the  lungs  and  bronchi  due  to  infection 
with  the  tubercle  bacillus. 

Historical. — The  disease  was  known  to  the  ancients,  and  there  are  easily 
recognizable  descriptions  of  it  in  the  works  of  Hippocrates.  Sylvius  in 
the  seventeenth  century  thought  the  nodules  (tubercles)  were  enlarged 
lymph  glands.  Baillie  at  the  end  of  the  eighteenth  century  discovered  the 
miliary  tubercle;  he  distinguished  also  between  conglomerate  tubercles 
and  caseous  pneumonia.  Great  advances  in  clinical  and  pathological 
knowledge  of  the  disease  were  made  by  the  French  physicians  (Bayle, 
Laennec,  Broussais)  early  in  the  nineteenth  century.  Virchow  (1847- 
1852)  made  careful  studies  of  the  histology  of  tubercle,  and  Villemin 
(1865-1868)  by  a  series  of  brilliant  experiments  on  animals,  established 
the  transmissible  and  infectious  character  of  the  disease^  showed  the 
especial  susceptibility  of  guinea-pigs,  and  asserted  that  the  disease  was 
transmitted  from  man  to  man  by  a  virus  present  in  the  sputum.     Vii- 


614     DISEASES   OF   THE    EESPIKATORY   APPARATUS 

lemin's  views  were  at  first  disputed,  but  were  soon  corroborated  by  many 
workers,  and  notably  by  Cohnheim  and  Salomonsen,  who  devised  the 
method  of  demonstrating  the  presence  of  the  virus  in  pathological  mate- 
rials by  inoculation  of  the  anterior  chamber  of  the  rabbit's  eye.  The 
conmion  nature  of  the  virus  in  pulmonary  tuberculosis,  joint  tuberculosis, 
gland  tuberculosis,  etc.,  was  next  established. 

In  1882,  the  proof  of  the  bacterial  nature  of  the  virus  was  brought 
by  Robert  Koch ;  he  discovered,  stained,  and  grew  the  Bacillus  tvberculosis, 
and  reproduced  the  disease  by  inoculation  of  pure  cultures.  A  simple 
differential  stain  for  this  "acid  fast"  bacillus,  very  important  as  a  diag- 
nostic aid,  was  devised  by  P.  Ehrlich.  Extracts  of  the  bacilli,  known  as 
tvberculin,  were  made  by  Koch,  and  used  both  for  diagnostic  and  thera- 
peutic purposes.  Soon  thereafter  began  the  great  campaign  for  the  pre- 
vention and  cure  of  tuberculosis  (dispensaries,  sanatoria,  national  and 
international  conferences). 

Pathology. — Tuberculous  inflammations  of  the  lung  occur  in  two  forms: 
(1)  tuberculous  granulation  (with  tubercle  formation),  and  (2)  caseous  pneu- 
monia. The  former  is  a  productive,  the  latter  an  exudative  inflammation.  The 
former  develops  in  the  interstitial  tissue;  the  latter  fills  the  alveoli  with  exudate. 
Both  are  due  to  the  same  bacillus,  and  the  two  processes  may  go  on  tc^ether  in 
the  same  lung.  Formerly,  one  out  of  every  six  or  eight  deaths  was  due  to  tuber- 
culosis; but  in  recent  years  the  mortaUty  rate  from  the  disease  has  begun  to 
decrease. 

Of  the  main  types  of  pulmonary  tuberculosis  may  be  mentioned: 

1.  Acute  disseminated  miliary  tuberculosis  (distribution  of  bacilli  through 
the  blood;  usually  part  of  a  general  miUary  tuberculosis;  where  only  one  lung  or 
one  lobe  is  involved,  the  distribution  may  be  bronchogenous  from  coughing). 

2.  Chronic  pulmonart  tuberculosis  (beginning  usually  in  the  apices,  and 
gradually  extending  to  the  lower  portions  of  the  lungs  and  to  the  pleurae,  healing 
with  induration  in  some  places,  extending,  or  softening,  in  others). 

3.  Acute  tuberculous  pulmonary  phthisis  (like  2,  with  signs  of  rapid 
cavity  formation,  or  with  extensive  caseous  pneumonic  processes,  in  the  most  rapid 
cases  giving  rise  to  galloping  consumption). 

Etiology. — Pulmonary  tuberculosis  is  due  to  reactions  of  the  lungs  to 
infection  with  Koch's  Bacillus  tuberculosis;  the  disease  is,  however,  often 
complicated  by  mixed  infections  with  other  bacteria  (influenza  bacilli, 
streptococci,  pneumococci,  etc.),  these  mixed  infections  accounting  for 
much  of  the  fever  and  cachexia,  and,  perhaps,  for  the  amyloid  degeneration 
of  the  organs  that  sometimes  occurs.  To  understand  how  the  disease  de- 
velops (phthisiogenesis),  it  is  necessary  to  study  not  only  modes  of  infec- 
tion, but  also  the  conditions  of  disposition.  Tuberculous  infection  occurs 
in  everyone  that  lives  to  become  an  adult;  the  progressive  disease  that 
leads  to  pulmonary  phthisis  develops  in  not  over  one-tenth  of  these. 

Modes  of  Infection. — The  bacilli  reach  the  lung  in  various  ways,  sometimes 
by  aspiration  or  aerogenous  infection   (droplet  infection,  laryngeal  tuberculosisi 
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tonsillar  tuberculosis) ,  sometimes  by  lymphogenous  or  hematogenous  infection, 
through  the  lymph  channels  or  the  blood  channels  (secondary  to  tuberculous  otitis, 
tuberculous  enteritis,  tuberculous  adenitis,  tuberculous  pleuritis,  etc.)* 

When  the  Bacillus  tuberculosis  was  first  discovered,  it  was  thought  that  aspi- 
ration of  the  bacilli  explained  the  source  of  human  infection  in  nearly  all  cases. 
Later  studies  have  led  to  the  consideration  of  many  other  modes  of  infection. 

Experimental  studies  on  animals  have  been  extensively  made,  and  the  effects 
of  intravenous,  subcutaneous,  intra-ocular,  and  intraperitoneal  inoculation,  as  well 
as  of  feeding  experiments  and  inhalation  experiments,  have  been  carefully  watched. 
And,  in  general,  it  may  be  said  that,  aside  from  direct  inoculation  into  the  blood 
stream,  there  is  always  first,  no  matter  what  the  portal  of  entry,  an  involvement 
of  the  regional  lymph  glands,  this  involvement  of  the  lymphatic  apparatus  often 
occurring  without  signs  of  pathological  change  at  the  actual  portal  of  entry. 

Studies  of  tuberculous  human  beings  indicate  that  human  infection  does,  in 
reahty,  occur  in  several  different  ways.  Congenital  infection  is  rare,  but  has 
been  indisputably  proven  to  take  place;  it  is  not  a  germinal  infection,  but  comes 
always  from  the  mother  through  placental  tuberculosis.  Intestinal  infection, 
as  primary,  has  recently,  through  the  studies  of  Behring,  of  Heller,  and  of  Coun- 
eilman,  Mallory  and  Pearce,  assumed  considerable  importance.  In  children,  pre- 
viously apparently  healthy,  dying  of  diphtheria,  about  6  per  cent  are  found  to 
show  signs  of  primary  intestinal  tuberculosis  (in  the  mesenteric  lymph  glands). 
About  half  the  cases  of  primary  infection  through  the  intestine  are  due  to  the 
bovine  type  of  bacillus,  the  other  half  to  the  human  type.  Tonsillar  and 
MOUTH  infection,  as  shown  by  tuberculosis  of  the  cervical  lymph  glands,  is  very 
common  in  childhood;  how  often  it  leads  to  pulmonary  tuberculosis  is  not  known; 
when  it  does  so,  the  bacilli  reach  the  lungs  in  all  probability  by  passing  from  the 
cervical  glands  to  the  lung,  neither  by  way  of  the  bronchial  glands  nor  by  way 
of  the  lymphatics  to  the  pleura,  but  rather  by  entrance,  first,  into  the  venous 
system  and  thence  through  the  right  heart  to  the  lungs.  Inhalation  infection 
OR  AEROGENOUS  INFECTION  is  held  by  many  to  be  the  commonest  mode  of  contract- 
ing pulmonary  tuberculosis.  The  evidence  is  strongly  in  favor  of  this  view  for 
chronic  pulmonary  tuberculosis  beginning  in  the  apices,  the  apices  being  especially 
predisposed  on  account  of  (1)  the  minimal  energy  of  the  movement  of  the  air 
during  expiration  there,  and  the  corresponding  lessened  energy  of  the  lymph 
current  in  the  same  situation  (Tendeloo),  and  (2)  the  predisposing  influence  of 
stenosis  of  the  upper  aperture  of  the  thorax  in  persons  of  the  habitus 
pbthisicus  due  to  congenital  shortening  and  ossification  of  the  cartilage  of  the 
first  rib  (W.  A.  Freund),  this  peculiarity  of  the  first  rib  giving  rise  to  a  g^roove- 
like  constriction  of  the  apex  of  the  lung  (Schmorl)  and  to  a  faulty  development 
of  the  bronchial  tree  at  the  apex  (Birch-Hirschfeld),  conditions  that,  when 
experimentally  simulated,  predispose  strongly  to  both  aerogenous  and  hema- 
togenous tuberculous  infection  of  tlie  apices  in  animals  (Bacmeister).  Acute 
pulmonary  tuberculosis  (acute  or  galloping  consumption)  arises,  however,  in  a 
different  way;  thus  in  the  lobar  or  pseudolobar  caseous  pneumonia,  the  cause  is 
most  often  found  to  be  the  aspiration  of  large  numbers  of  tubercle  bacilli  either 
from  a  tuberculous  lymph  gland  perforating  into  a  bronchus,  or  from  a  tuber- 
culous cavity  due  to  a  preexisting  chronic  tuberculosis,  and  in  the  disseminated 
form  of  acute  tuberculosis  the  miliary  tubercles  may  arise  either  through  a 
bronchogenous  distribution  of  the  bacilli  (through  coughing  or  through  aspira- 
tion) or  through  a  hematogenous  distribution  (through  rupture  of  a  caseating 
focus  into  one  pulmonary  artery). 

The  tubercle  bacilli  have  their  source  chiefly  in  tuberculous  human  beings, 
partly   in  tuberculous   animals    (cows).     Infected   human   beings  may  give  off 
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bacilli  in  various  ways;  by  far  the  most  important  discharge  is  tuberculous  sputum, 
though  urine,  feces,  pus,  discharge  from  lupus,  etc.,  may  occasionally  be  respK>n- 
sible.  The  bacilli  of  sputum  may  reach  other  persons  by  direct  contact  (fingers, 
kissing),  by  the  spray  produced  by  coughing  (droplet  infection  of  Flugge),  and  by 
dust  containing  dried  sputum  (careless  expectoration),  especially  in  dwelling- 
houses,  hotels,  theaters,  factories,  and  shops,  since  street-dust  seems  rarely  to  be 
responsible. 

Uncooked  milk,  cream,  and  butter  may  spread  the  bovine  type  of  the  bacillus; 
meat  is  less  often  responsible.  About  half  the  cases  of  tuberculosis  of  the  intestine 
and  the  mesenteric  glands  are  due  to  the  bovine  type;  it  is  rare,  however,  to  find 
the  bovine  type  in  human  pulmonary  tuberculosis. 

Conditions  of  Disposition. — Most  people — ^probably  all — that  live  to  be 
thirty  years  of  age  become  infected  with  the  tubercle  bacillus.  Fortu- 
nately, the  infection  does  not  cause  sickness  in  the  majority.  As  has  often 
been  emphasized^  every  infectious  disease  is  the  product  of  infection  and 
disposition.  In  order  that  the  disease  occur,  the  relations  of  infection 
and  disposition  must  be  such  "that  the  sum  of  both  is  larger  than  in  patients 
that  do  not  sicken''  (Staehelin).  There  appears  to  be  a  local  disposition 
to  pulmonary  phthisis  as  well  as  a  constitutional  predisposition  to  tuber- 
culous infection ;  all  men  have  some  of  the  latter,  but  the  former  is  often 
a  family  affair.  Thus,  one  predisposed  to  pulmonary  phthisis  may  have 
a  long  narrow  thorax  (thorax  phthisicus)  with  short  and  early-ossified 
first-rib  cartilage  (see  above),  hypoplasia  of  the  heart  and  of  the  aorta, 
and  visceroptosis  (habitus  asthenicus).  Besides  the  hereditary  local  pre- 
disposition, there  are  other  accidental  predisposing  factors:  namely  (1) 
certain  infectious  diseases  (measles,  whooping-cough,  influenza);  (2)  the 
pneumonoconioses  (anthracosis^  siderosis,  chalicosis,  etc.) ;  (3)  prolonged 
physical  or  mental  over-exertion;  (4)  prolonged  under-nutrition  and  life 
under  non-hygienic  conditions;  (5)  diabetes;  and  (6)  pregnancy.  On 
the  other  hand^  pulmonary  tuberculosis  is  rare  in  persons  that  suffer 
from  emphysema  or  from  chronic  heart  disease.  On  the  side  of  expo- 
sure, frequent  contact  with  infected  persons,  leading  to  multiple  reinfec- 
tions, is  undoubtedly  of  great  importance  in  the  development  of  the  disease. 

When  tuberculosis  is  suspected,  therefore,  the  anamnesis  should  be  taken  with 
especial  care.    One  should  gather  data  on  the  following  points: 

1.  Is  there  any  history  of  tuberculosis,  pleurisy,  scrofula,  meningitis,  or  hip- 
joint  disease  in  the  family  (parents,  sibs,  husband  or  wife,  children),  or  has  the 
patient  lived  in  a  house  or  worked  in  a  shop  with  infected  persons? 

2.  Has  the  patient  himself  previously  suffered  from  hemoptysis,  pleurisy, 
hoarseness,  cough  or  enlarged  glands  T 

3.  Has  the  patient  been  exposed  to  great  hardship  or  overwork,  or,  if  a 
woman,  to  many  pregnancies  or  to  prolonged  lactation? 

4.  Does  the  occupation  of  the  patient  predispose  (exposure  to  dust,  wet  and 
cold;  alcohoUsm,  etc.)T 

5.  Has  the  patient  recently  lost  weight  or  suffered  from  cough,  with  sweats 
or  with  unexplained  digestive  disturbances? 

Clinical  Examination. — Tuberculous  patients  often  present  a  character- 
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istic  appearance,  the  so-called  phthisicaUconstitution  (habitus  phthisicus). 
They  may  look  pale,  thin  and  feeble,  have  a  delicate  bony  framework,  with 
a  long,  narrow,  flattened  thorax  with  wide  intercostal  spaces  (thorax  par- 
alyticus, expiratory  type  of  thorax).  The  pulse  and  the  respiration  are 
often  accelerated.  There  may  be  intermittent  fever  (Jehris  hectica),  with 
tendency  to  night  sweats.  The  hair  may  look  unhealthy,  the  sclerae  bluish, 
and  there  is  often  a  skin  infection,  pityriasis  versicolor.  Search  should 
always  be  made  for  signs  of  previous  scrofula  or  of  infantile  tuberculosis 
(scars  in  the  neck,  corneal  opacity,  bone  and  joint  lesions). 

i.    Ordinary  Quonic  Forms  of  Pulmoiiary  Tubercalosis 

For  convenience,  it  is  customary  to  distinguish  three  stages  or  degrees 
of  the  ordinary  form  of  pulmonary  tuberculosis. 

Stage  1. — Initial,  incipient  or  developmental  period  (phthisis  incipiens). 

Staged, — Stage  of  well  established  infiltration  (phthisis  confirmata). 

Stage  3. — Terminal  stage,  with  signs  of  cavity  formation  (phthisis 
consummata,  stadium  colliquationis). 

In  referring  patients  to  sanitaria  or  to  other  physicians  for  treatment, 
it  is  customary  to  speak  of  three  grades,  or  classes,  of  patients. 

1.  Mild  cases,  in  which  the  disease  is  limited  to  a  small  area  in  one  lobe, 
especially  at  one  apex,  but  not  extending  below  the  clavicle  or  the  spine 
of  the  scapula,  and  with  or  without  fine  rales  that  are  non-consonating. 

2.  Cases  of  medium  severity,  the  disease  extending  beyond  the  limits 
of  1  but  not  as  far  as  3. 

3.  Advanced  cases  with  involvement  of  one  whole  lobe  or  of  several 
lobes,  or  with  signs  of  cavity  formation. 

Epitome  of  ti[e  Physical  Signs. — Stage  1  (Phthisis  incipiens,  Api- 
cal Catarrh), — Rales  are  usually  audible  at  one  apex  in  front  or  behind; 
these  may  be  either  fine  crepitant  rales  or  rhonchi.  The  respiratory  mur- 
mur is  either  enfeebled  or  roughened,  with  prolongation  of  the  expiratory 
sound,  cog-wheel  breathing  or  indefinite  breathing.  The  percussion  note 
may  be  normal,  or  only  slightly  shorter  and  a  little  higher  pitched  than  nor- 
mal; usually  there  is  demonstrable  narrowing  of  the  area  of  apical  reso- 
nance. Occasionally,  a  slight  lagging  of  the  movement  of  the  aflFected  side 
can  be  made  out  on  inspection.  Dry  cough  is  a  common  symptom,  especially 
in  the  early  morning,  w^ith  scanty  sputum  or  none;  tubercle  bacilli  are 
occasionally  demonstrable  in  the  sputum,  but  by  no  means  always.  Hemop- 
tysis is  not  uncommon. 

The  student  should  remember  that  a  chronic  catarrh  of  one  apex  is 
tnost  often  tuberculous  in  nature.  This  is  an  extremely  common  disease, 
though  in  the  majority  of  instances  it  heals,  leading  only  relatively  rarely 
to  a  progressive  phthisis. 

Several  varieties  of  phthisis  incipiens  have  been  distinguished.  Thus 
Staehelin  includes  (a)  a  catarrhal  form,  resembling  at  onset  an  ordinary 
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bronchitis  after  catching  cold;  (b)  an  anemic  form,  in  which  anemia, 
palpitation  and  tachycardia  are  striking  symptoms ;  (c)  a  dyspeptic  form, 
in  -wjiich  disturbances  of  digestion  bring  the  patient  to  the  physician ;  (d) 
a  febrile  form,  in  which  an  obscure  fever  may  last  for  some  time  before 
the  pulmonary  origin  becomes  recognizable;  (e)  a  pleuritic  form.  In  'which 
either  a  dry  or  a  wet  pleurisy  is  the  first  recognizable  change;  (f)  a  kemop- 
toic  form,  in  which  the  first  sign  is  the  spitting  of  blood ;  and,  finally,  (g)  a 
traumatic  form.,  in  which  the  signs  of  pulmonary  tuberculosis  develop  a 
few  weeks  or  months  after  a  contusion  of  the  chest. 

Stage  2  (Phthisis  confirmata,  Stage  of  Definite  Infiltration). — At  this 
stage,  the  disease  extends  beyond  the  apex.  The  dullness  in  front,  above 
the  clavicle,  is  continuous  with  duUnese  as  far  down  as  the  second  or  the 
third  rib,  and,  behind,  there  is  dullness  in  the  fossa  supraspinata ;  usually 
slightly  tympanitic  resonance  can  be  made  out  in  the  corresponding  upper 


Antsrin  View. 
Fig.  ITO. — Beglona  of  Ihc  Thorax  Over  Whtch  PercuwIoD  and  AuHcnIUtlon  Bhonld  Be  Carried 
Out  ajBtfinatlcaHj  In  Saspected  Tuberculosis 

chest  on  light  percussion.  Over  the  dull  area,  even  bronchial  breathing, 
with  dry  and  moist  rales,  often  consonatiug,  is  audible.  Whispered  voice 
sounds  are  markedly  increased  in  affected  areas.  When,  on  the  right,  rales 
are  audible  as  low  as  the  third  intercostal  space  or  the  fourth  rib,  the  mid- 
dle lobe  has  become  involved  as  well  as  the  upper.  There  is  diminished  ex- 
pansion,, or  lagging,  on  tlie  affected  side,  often  with  signs  of  retraction 
of  the  upper  lobe.  As  the  disease  extends  gradually  downward  in  the 
lung  first  .affected,  the  apex  of  the  other  lung  usually  becomes  involved. 
The  sputum  is  more  abundant  than  in  the  first  stage,  is  mucopurulent, 
and  usually  contains  tubercle  bacilli.  There  may,  or  may  not,  be  fever. 
Usually  there  is  a  gradual,  sometimes  a  rapid,  loss  of  body-weight.  Hem- 
optysis is  not  uncommon. 

This  stage  of  pulmonary  tuberculosis  must  be  differentiated  from  (1) 
simple  chronic  bronchitis,  (2)  bronchiectasis,  (3)  the  pneumonoconioaes, 
and  (4)  chronic  non-tuberculous  pneumonias. 
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Stage  3  (Phthisis  consummatay  Advanced  Tvberculosis  with  Cavity 
Formation). — This  last  stage  is  characterized  by  widespread  infiltration 
of  both  Inngs,  and,  especially,  by  the  formation  of  cavities.  The  extent 
of  the  infiltration  can  be  determined  by  demonstration  of  the  areas  over 
which  tympanitic  dullness,  bronchial  breathing,  increased  fremitus,  rales 
and  bronchophony  exist.  Both  lungs  are  involved ;  sometimes  the  lower 
lobes  as  well  as  the  upper  are  infiltrated.  Retraction  of  the  npper  lobes, 
due  to  fibroid  change,  causes  contraction  of  the  upper  thorax  with  deepening 
of  the  supra-  and  infraclavicular  fossae  and  of  the  upper  intercostal  spaces. 
Signs  of  cavity  formation  are  usually  present  (bubbling  rales,  metallic 
tinkling,  loud  bronchial  or  amphoric  breathing,  cracked-pot  resonance, 
change  of  pitch  on  percussion).  The  sputum  is  mucopurulent,  free  from 
air  bubbles,  often  nummular  or  coin-shaped,  and  loaded  with  tubercle 
bacilli ;  sometimes  it  contains  elastic  fibers  or  blood. 

In  this  terminal  stage,  the  fever  is  often  high,  due  to  mixed  infection 
with  pyogenic  cocci,  but  it  may  be  subnormal.  Night  sweats  are  a  trouble- 
some symptom.     The  emaciation  may  become  extreme. 

The  diagnostic  tuberculin  tests  (von  Pirquet,  Calmette,  etc.)  and  other 
points  bearing  upon  diagnosis  are  described  in  the  section  on  Infectious 
Diseases. 


Acute  Form  of  Pnlmoiuiry 

(Phthisis  florida.  Galloping  Consumption) 

Under  this  heading  we  include  (a)  the  pneumonic  form,  and  (b)  the 
multiple  focal  form. 

(a)  Pnettmonic  Fobm,  Inclttdino  Caseous  Pneumonia. — In  the 
peracute  cases,  the  onset  may  resemble  that  of  ordinary  lobar  pneumonia, 
except  that  there  is  rarely  any  chiU,  the  fever  is  less  regular  and  the  sputum 
not  rusty.  Death  may  occur  within  two  weeks  (primary  alveolar  pul- 
monary tuberculosis  of  Heller  and  Hedinger). 

In  less  acute  cases,  the  onset  may  be  similar,  suggesting  croupous  pneu- 
monia, but  the  course  is  somewhat  less  rapid  than  in  the  peracute  cases 
above  described.  The  sputum  may  be  gelatinous,  greenish,  though  some- 
times it  is  rusty.  Tubercle  bacilli  may  be  present  at  first,  though  as  a  rule 
they  are  not  found  until  later.  Pneumococci  may  be  present  in  considerable 
numbers  and  help  to  mislead  the  diagnostician.  An  early  and  intense 
diazo-reaction  in  the  urine  speaks  for  caseous  pneumonia  rather  than  for 
ordinary  lobar  pneumonia.  The  practitioner  may  first  have  his  eyes 
opened  by  the  failure  of  a  crisis  to  appear  and  the  persistence  of  the  infil- 
tration beyond  the  ordinary  period  of  lobar  pneumonia.  Coarse  rales  de- 
velop and  a  little  later  perhaps  typical  cavernous  symptoms.  The  sputum 
becomes  nummular;  the  fever  becomes  irregular;  and  the  patient  goes 
rapidly  down  hill.     Death  often  occurs  at  the  end  of  six  weeks  just  as 
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cavities  are  beginning  to  form.  Some  patients  linger  on  until  large  cavi- 
ties form ;  in  such  instances,  the  disease  may  become  temporarily  arrested, 
and  the  patients  regain  some  health  and  strength,  but,  as  a  rule,  even  then, 
cure  does  not  occur,  the  patients  dying  ultimately  with  the  signs  of  chronic 
cavernous  pulmonary  tuberculosis. 

(b)  Disseminated  Forms  of*  Acute  Tuberculosis. — ^Galloping  con- 
sumption, instead  of  taking  the  pneumonic  form  above  described,  may  be 
due  to  the  simultaneous  development  of  multiple  foci,  usually  involving 
both  lungs.  Three  main  types  may  be  distinguished:  (1)  a  disseminated 
ulcerating  form,  most  often  met  with  in  diabetes  and  in  chronic  alcoholism ; 
(2)  a  hemoptoic  form,  in  which  the  bacilli  are  distributed  with  the  blood 
in  the  alveoli,  death  often  occurring  within  a  month  after  the  hemorrhage ; 
and  (3)  an  acuie  peribronchiiic  or  nodular  form,  due  to  aspiration  of 
bacilli  into  many  small  bronchi. 

The  patients  may,  on  the  one  hand,  have  been  apparently  entirely 
healthy  before ;  on  the  other  hand,  such  an  acute  disseminated  focal  tuber- 
culosis may  develop  in  patients  that  have  had  a  simple  apical  tuberculosis, 
or  in  those  that  have  suffered  for  some  time  from  ordinary  chronic  pul- 
monary phthisis.  Such  acute  outbreaks  are  most  common  in  persons  that 
have  but  little  or  no  immunity  to  tuberculosis,  either  because  they  have  not 
suffered  from  earlier  mild  infections  (doubtless  responsible  for  the  rela- 
tive immunity  of  most  adults),  or  because  immunity  has  in  some  way  been 
greatly  lowered  (diabetes,  influenza,  pregnancy,  lactation,  alcoholism). 

The  diagnosis  may  be  especially  difficult  in  the  acute  peribronchitic 
form  in  persons  apparently  healthy  before.  The  condition  is  often 
wrongly  diagnosed  as  a  persistent  influenza,  as  typhoid  fever,  or  as  acute 
miliary  tuberculosis.  We  have  to  rely  upon  most  careful  physical  exami- 
nations frequently  repeated,  bacteriological  studies  of  the  sputum  and 
blood,  immunological  tests  (Widal,  Calmette),  the  presence  or  absence  of 
changes  in  parts  of  the  body  other  than  the  lungs  (meninges,  choroid,  intes- 
tines, etc.),  and  rontgenographic  studies. 

In  the  ulcerative  form  the  diagnosis  soon  becomes  clear,  and  in  the 
hemoptoic  form  there  is  rarely  difficulty. 

Complications  of  Pulmonary  Tuberculosis. — Among  the  complications 
of  pulmonary  tuberculosis  may  be  mentioned  pleuritis,  laryngeal  tubercu- 
losis, intestinal  tuberculosis,  peritoneal  tuberculosis,  and  general  miliary 
tuberculosis.  Spontaneous  pneumothorax  occasionally  occurs.  In  advanced 
cases  there  may  bo  amyloid  degeneration  of  the  organs  (splenomegaly, 
diarrhea,  albuminuria).  Tuberculosis  is  often  made  worse  by  pregnancy. 
Acute  respiratory  infections  complicating  tuberculosis  are  prone  to  lower 
resistance  (influenza,  pneumonia,  measles,  pertussis). 

Clauses  of  Death. — In  fatal  cases,  death  may  occur  from  asphyxia- 
tion due  to  extensive  involvement,  from  hemorrhage  (hemoptysis),  or  from 
pleural    complications    (empyema,    pyopneumothorax) ;    occasionally,    it 
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results  from  cardiac  failure  (chronic  intoxication,  pnlmonary  obetruc- 
tion).  In  a  few  cases,  death  is  due  to  general  miliary  tiiberculoBia  or  to 
general  amyloid  degeneration.  Not  infrequently,  in  advanced  stages,  death 
is  due  to  an  intercurrent  infection  (lobar  pneumonia,  influenza,  strepto- 
coccus sepsis), 

Kontgenography  and  SontgenoBCopy  in  Pulmonary  TnberciiloBis.— 
Examinations  by  means  of  Kimtgen  rays  are  less  important  for  the  diagnosis 
of  the  existence  of  pulmonary  tuberculosis  tlian  for  the  recognition  of  the 
extent  of  the  disease  and  the  distribution  of  the  pathological  foci  in  the 


lungs.    In  x-ray  plntcs  of  tlie  lungs,  infiltrations  throw  a  shadow,  whereaa 
cavities  appear  as  clear  areas. 

The  shadows  due  to  infiltration  are  not  evenly  diffuse,  hut  are  mottled. 
Some  experience  is  necessary  in  interpreting  the  x-ray  plates,  since  nor- 
mally the  hihis  of  the  lung  and  the  bronchial  tree  cause  some  mottling. 
Mere  enlargement  or  increased  intensity  of  the  hilus  shadows,  even  with 
strandlike  shadows  radiating  toward  the  apices,  are  to  be  very  cautiously 
interpreted.  The  meaning  of  the  liihis  shadows  is  only  gradually  being 
worked  out.  Changes  in  these  hilus  shadows  are  iindoubtedly  sometimes 
due  to  tuberculosis,  but  they  may  also  follow  upon  non-tuberciilous  proc- 
esses (chronic  lymphadenitis  simplex,  chronic  passive  congestion,  chronic 
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bronchitis,  etc.).  "When,  however,  the  mottling  ie  asj'mmetrieal,  or  is  seen 
in  the  periphery  of  the  lung  area,  or  extends  downward  from  a  diffuse 
shadow  at  one  apex,  it  is  to  be  regarded  as  very  auspicious  of  tuberculosis. 
Rontgenoscopy  alone  is  insufficient  for  the  study  of  pulmonary  tubercu- 
losis, though  it  is  often  very  helpful  for  a  general  preliminary  orientation. 
Rontgenography  is,  as  a  rule,  necessary,  and  soft  tubes  yielding  good  con- 
trasts should  be  used.  It  is  best  to  take  (1)  &  view  of  the  whole  chest  on  a 
large  plate  (30  X  40  or  40  X  50  era.)  at  a  focal  distance  of  50-60  cm.,  the 


Fig.  172.— ^TaberculoBlB :  Tblikenfd  Tleura  on  Lett:  CaTlty  on  Right  Which  Wm  Obncured 
bj  Tbickeaed  rivura,  as  Was  Shown  at  the  Post  Uorlem :  AdhesloDB  on  Rlglit  Bide. 
The  Arrows  lodicate  Pleural  Tblt^kealng  od  Ihe  Right  Side  Over  a  Cavity.     (X-ray  Dept., 


rays  being  passed  through  in  the  dorsoventral  direction,  so  as  to  avoid  too 
much  bone  shadow,  and  (2)  a  partial  view  of  an  apex  down  to  the 
hilus  on  a  smaller  plate  (24  X  30  cm.),  using  a  tube  or  diaphragm  and  a 
focal  distance  of  40  cm.    Stereoscopic  plates  are  especially  helpful. 

Pleural  thickenings  may  be  recognizable  as  diffuse  shadows.  Adhe- 
sions to  the  diaphragm  may  give  rise  to  projections  or  puekerings  of  the 
upper  surface  of  the  diaphragm  as  seen  in  the  x-ray  plate.  Calcification 
of  the  cartilage  of  the  first  rib  should  always  be  looked  for.  Often  intense 
circumacrihed  shadows  will  be  found  near  the  hilus  or  toward  one  apei ; 
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they  usually  indicate  calcified  lymph  glands  or  lime  deposits  in  healed  foci 
of  tuberculosis  in  the  lung, 

A  cavity  appears  in  an  x-ray  plate  as  a  clear,  round  area,  surrounded 
by  a  ringtike  shadow.  The  latter  is  well  brought  out  if  the  exposure  ho 
made  throngh  a  narrow  diaphragm.  Of  course,  if  the  cavity  he  filled  with 
sputum,  it  will  give  rise  to  a  shadow  in  the  rontgcnogram  instead  of  to  a 
dear  area.  Irregularities  in  the  wall  of  a  cavity,  or  suhdivision  of  the 
ravity  into  several  chambers,  can  occasionally  be  made  out. 

The  respiratory  nwcements  are  changed  in  pulmonary  tuberculosis; 


Fit  ITS.— OenerallKd  Tubeici 

less  air  is  taken  into  the  diseased  lung  on  inspiration  and  the  diaphragm 
excursion  is  less  (Williams'  symptom* ;  this  phenomenon  is  often  demon- 
strable by  rontgenoscopy  in  incipient  apical  tuberculosis.  This  symptom 
is,  however,  less  valuable  for  diagnosis  than  was  formerly  thought,  since  it 
is  demonstrable  in  only  a  minority  of  the  cases,  and,  moreover,  may  he 
present  in  cases  of  healed  tuberculosis. 

Valuable  as  x-ray  examinations  are  in  the  study  of  pulmonary  tuhereu- 
loeis,  it  must  be  emphasized  that  there  are  often  marked  discrepancies 
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between  x-raj  findings  and  the  general  physical  findings  (F.  H.  Baetjer 
and  L.  Haramau).  Eitlier  may  help  to  a  positive  diagnosis  when  the 
other  is  almost  negative.  As  a  rule,  however,  the  x-ray  examination  reveals 
in  positive  cases,  a  wider  distribution  of  the  tuberculous  process  than 
would  be  suspected  from  the  examination  by  percussion  and  auscultation. 

In  tbo  third  stage  of  pulmonary  tuberculosis,  with  extensive  infiltra- 
tion and  cavities,  the  x-ray  plate  gives  a  better  idea  of  tlie  extent  of  the 
process  than  any  other  method  of  examination. 

During  the  treatment  of  pulmonary  tuberculosis  by  production  of  arti- 


Flg.  174.— Artlflclal  I>ncumu;boi'ai.     Arroivx  ladksti.'  Collapsed  Lung;  CrosspK  Indicate  l>Dea- 
mothorni.      (X-ray    Dept.,  J.   H,   il.> 

ficial  pneumothorax  (Forlanini),  x-ray  examinations  offer  an  excellent 
method  of  control. 

For  otlier  facta  regarding  pulmonary  tuberculosis  see  Section  on  In- 
fectious Diseases. 
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(h)    Syphilis  of  the  Lung 

(Lues  pulmonum) 

« 

A  rare  condition  in  adults,  met  with  sometimes  in  the  tertiary  stage  (giun> 
mata).  Besides  the  gummatous  form,  a  chronic,  sclerotic,  interstitial  pneumonia 
may  be  due  to  lues.  It  is  rarely  met  with  in  the  apices;  gunmiata  most  often 
develop  in  the  lower  lobes  or  in  the  middle  lobe  on  the  right  side.  A  dry  cough 
with  mucoid  sputum  and  dyspnea  are  usually  the  first  symptoms.  A  few  rales 
over  an  area  of  circumscribed  dullness  may  be  discoverable,  most  often  in  the 
middle  lobe  on  the  right  side. 

Lung  syphilis  may  closely  simulate  tuberculosis.  Indeed,  most  cases  of  hmg 
syphilis  are  treated  for  a  long  time  for  tuberculosis  before  the  true  nature  is  dis- 
covered. The  differential  diagnosis  is  all  the  more  difficult  since  (1)  pulmonary 
tuberculosis  may  occur  in  luetic  patients  that  have  no  syphilis  of  the  long,  and 


DISEASES   OF    THE    LUNGS  633 

(2)  pulmonary  tuberculosis  and  pulmonary  syphilis  may  coexist  in  the  same 
patient  I 

Cavity  formation  is  rare.  There  is  no  single,  absolutely  certain,  criterion  for 
diagnosis,  and  the  disease  may  be  confused  not  only  with  tuberculosis,  but  also 
with  bronchiectasia,  with  abscess,  with  neoplasm,  or  with  chronic  pneumonia.  A 
probable  diagnosis  can  be  made  if  the  disease  be  thought  of,  if  the  Wassermann 
be  positive,  if  the  x-ray  reveal  a  large  hilus  shadow  with  outrunners,  if  tubercle 
badlli  are  permanently  absent  from  the  sputum,  if  there  be  but  little  fever,  if 
the  process  involve  especially  the  middle  of  the  lung,  and  if  there  are  signs  of 
syphilis  in  other  organs.  If  the  symptoms  and  sig^  disappear  under  specific 
anti-luetio  therapy,  the  diagnosis  is  confirmed,  though  it  should  be  borne  in  mind 
that  the  sclerotic  form  of  pulmonary  syphilis  will  be  but  little  influenced  by 
therapy.  In  association  with  S3^hilis  of  the  lung,  the  existence  of  laryngeal 
syphilis  or  of  syphilis  of  the  trachea  or  bronchi  may  be  demonstrable.  Amyloid 
degeneration  of  the  organs  may  complicate  the  clinical  picture. 

I  have  seen  one  case  in  which  a  luetic  infiltration  widespread  throughout  one 
lung  cleared  up  entirely  under  salvarsan  therapy.  Hereditary  syphilis  of  the 
lung  is  not  uncommon  in  the  fetus  and  in  the  new-bom.  Most  often  it  takes  the 
form  of  an  interstitial  pneumonia;  a  catarrhal  pneumonic  form,  known  as  pneu- 
monia alba  (Yirchow),  also  occurs;  in  rare  instances,  one  sees  circumscribed 
gommata. 
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(c)    Other  Specific  Inflammations  of  the  Lung 

Actinomyces,  glanders,  blastomyces,  and  aspergillum  may  affect  the  lungs,  but 
such  infections  are  rare.  (See  Infectious  Diseases.)  Streptothricosis  of  the  lung 
is  occasionally  met  with ;  it  may  resemble  pulmonary  tuberculosis  closely  clinically. 

Infiltrations  of  the  lung  also  occasionally  occur  in  leukemia,  and  in  the  several 
pseudoleukemias,  including  Hodgkin's  disease. 
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2.    Pneumopathies  Characterized  by  Alterations  of 

the  Alveolar  Lumen 

Under  this  heading  we  include  (a)  atelectasis,  and  (b)  emphysema 
pulmonum. 

(a)    Atelectasis 

Definition. — ^When  the  pulmonary  alveoli  are  empty  of  air,  and  their 
opposite  walls  come  into  apposition,  so  as  to  resemble  the  fetal  state  of  the 
lung,  the  condition  of  atelectasis  or  collapse  exists. 

Etiology. — Atelectasis,  or  apneumatosis,  may  be  congenital  or  acquired. 
In  CONGENITAL  ATELECTASIS,  arcas  of  the  lung  substance  fail  to  take  in 
air  and  remain  in  their  fetal  state  owing  to  insuflScient  expansion  of  the 
chest  because  of  feeble  muscles  or  faulty  innervation.  In  acquired  ate- 
lectasis, lung  that  formerly  contained  air  becomes  devoid  of  air  and 
the  alveoli  collapse  and  reassume  a  state  similar  to  the  fetal.  Such 
acquired  atelectasis  may  be  due  (1)  to  enfeeblement  of  the  inspiratory 
muscles,  (2)  to  compression  of  the  lungs  owing  to  encroachment  upon  the 
intrathoracic  space,  or  (3)  to  stenosis  of  the  air-tubes. 

In  ATELECTASIS  DUE  TO  FEEBLE  CONTRACTION  OF  THE  MUSCLES  OF  IN- 
SPIRATION, or  so-called  "marantic  atelectasis,"  the  cause  is  to  be  sought  in 
9ome  prostrating  disease  (c.  jr.,  rickets,  diarrhea,  typhoid  fever  or  sepsis). 
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Compression  atelectasis  may  be  due  to  accumulation  of  fluid  or  gas 
in  the  pleura  or  in  the  peritoneal  sac,  or  to  the  growth  of  mediastinal 
tumors,  aneurisms,  or  intrathoracic  strumata,  to  such  an  extent  that  the 
pressure  on  the  adjacent  lung  is  equal  to  or  greater  than  the  inspiration 
pressure.  Again,  compression  atelectasis  may  follow  encroachment  upon 
the  intrathoracic  space  and  interference  with  the  contractions  of  the  dia- 
phragm from  below,  as  by  meteorism,  ascites,  or  large  abdominal  tumor. 
The  atelectasis  seen  in  kyphoscoliosis  is  also  a  compression  atelectasis. 

Stenotic  ob  obstbuctivb  atelectasis  depends  upon  the  complete 
plugging  of  a  bronchus  by  inflammatory  secretion,  by  an  aspirated  body, 
or  by  a  tumor,  with  subsequent  absorption  of  the  air  from  the  correspond- 
ing lobule  of  the  lung.  This  form  of  collapse  is  commonest  in  the  capillary 
bronchitis  of  children  complicating  measles,  whooping-cough  and  other 
infections. 

Symptoms. — In  atelectasis  of  the  new-born,  the  symptoms  consist  of 
dyspnea,  cyanosis,  distention  of  veins,  retraction  of  the  lower  thorax  dur- 
ing inspiration  in  the  form  of  a  deep  furrow  at  the  level  of  the  6th  and 
7th  costal  cartilages.  Fever  and  cough  may  be  absent.  The  pulse  is  slow, 
the  right  heart  is  labored  and  the  pulmonic  second  sound  accentuated.  In 
severe  cases,  attacks  of  asphyxia  may  occur.  Occasionally  there  is  sinus 
thrombosis  due  to  stasis ;  the  child  becomes  drowsy  and  shows  paresis  of 
one  side  of  the  face  and  distention  of  the  jugular  veins  of  the  same  side. 
Prolonged  bilateral  atelectasis  after  birth  may  be  the  cause  of  a  peculiar 
deformity  of  the  thorax  known  as  the  wasp-waist  (Wespentaille)  of 
Francke,  in  which  the  anteroposterior  diameter  of  the  chest  is  increased 
above,  and  the  lower  thorax  is  separated  from  the  upper  by  a  groovelikc 
constriction. 

In  acquired  atelectasis,  the  condition  is  always  an  accompaniment  of 
some  other  pathological  process  (see  etiology),  and  the  physician  may 
experience  much  difficulty  in  deciding  which  of  the  signs  are  due  to  atelec- 
tasis and  which  to  the  primary  process.  Thus  atelectasis  is  common  in  the 
periphery  of  a  bronchopneumonic  focus.  Over  atelectatic  areas,  say  at  the 
bases  of  the  lungs,  we  find  dullness  and  suppression  af  the  breath  sounds ; 
after  a  forced  inspiration,  the  dullness  may  lessen  and  the  breath  sounds 
become  louder.  At  the  upper  margin  of  an  atelectatic  area,  crepitant  rales 
often  become  temporarily  audible  on  inspiration  deep  enough  to  overcome 
the  bronchial  obstruction. 

Diagnosii. — The  main  difficulty  lies  in  distinguishing  acquired  atelec- 
tasis from  a  pneumonic  process.  When  atelectasis  and  bronchopneumonia 
are  simultaneously  present,  the  diagnostic  acumen  of  the  most  skilled  is 
severely  taxed.  Fever  is  absent  in  uncomplicated  atelectasis,  but  fever  may 
be  absent  in  pneumonia  in  a  feeble  child  or  in  an  aged  person.  The 
sudden  lessening  of  dullness  and  the  loudening  of  the  breath  sounds  after 
deep  inspirations  are  perhaps  the  most  important  criteria  in  the  diagnosis 
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of  atelectasis.    As  acquired  atelectasis  is  a  secondary  phenomenon,  it  may 
sometimes  be  suspected  from  the  character  of  the  primary  diseasa 
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(b)  Vesicular  Emphysema  of  the  Lungs 

(Emphysema  pvlmonum) 

Deflnition. — ^A  condition  in  which  there  is  enlargement  of  the  lungs  with 
an  increased  air  content.  In  active  lung  distention  (simple  lung  disten- 
tion, volumen  pvlmonum  acutum)  there  is  an  abnormal  distention  of  the 
alveoli  with  temporary  or  permanent  loss  of  elasticity ;  in  many  instances 
there  is  a  return  to  normal  when  the  cause  is  removed.  It  may  be  diffuse, 
involving  both  lungs  as  in  bronchial  asthma,  or  it  may  affect  certain  parts 
only ;  in  the  latter  instance,  it  is  usually  a  vicarious  (or  collateral)  em- 
physema, due  to  interference  with  the  function  of  other  parts  (through 
atelectasis,  tuberculosis,  pneumonia,  or  compression). 

In  CHRONIC,  TRUE,  OR  SUBSTANTIAL,  VESICULAR  EMPHYSEMA  the  in- 
creased air  content  of  the  lungs  is  associated  with  an  actual  atrophy  of  the 
lung  substance,  neighboring  alveoli  or  even  large  groups  of  alveoli  fusing 
to  form  larger  air  cavities.  The  lungs  become  permanently  dilated,  their 
margins  overlap  the  heart,  and  those  of  the  two  lungs  may  meet  in  front, 
obliterating  the  superficial  cardiac  dullness. 

Etiology  and  Pathogenesis. — ^An  acute  lung  distention  is  a  common 
accompaniment  of  attacks  of  bronchial  asthma,  of  acute  capillary  bron- 
chitis, and  of  exacerbations  of  a  chronic  bronchitis. 

Chronic  vesicular  emphysema  seems  to  depend  upon  mechanical  influ- 
ences acting  upon  lungs  of  abnormally  low  resistance,  especially  of  their 
elastic  fibers.  In  most  cases  the  emphysema  is  secondary  to  a  chronic  bron- 
chitis. It  is  often  met  with  in  horn-blowers,  glass-blowers,  singers,  public 
speakers,  and  men  that  do  heavy  lifting  or  much  stair-climbing.  That 
there  may  be  a  congenital  weakness  of  the  elastic  tissue  of  the  lungs  in 
those  affected  is  fa\'ored  by  the  fact  that  "emphysematous  families  are 
known."  Still,  the  main  cause  seems  to  lie  in  the  bringing  of  the  thorax, 
over  a  long  period,  into  an  exaggerated  position,  secondary  to  which  a 
distention-a trophy  of  the  alveolar  walls  develops  (Tendeloo).  Men  are 
twice  as  often  affected  as  women.  Asthma,  chronic  bronchitis,  and  bron- 
chiectasis are  common  accompaniments. 

The  thorax  becomes  barrel-shaped  and  immobile  in  the  position  of  deep 
inspiration.  The  ribs  and  the  sternum  are  displaced  forward  and  upward, 
so  that  the  anteroposterior  diameter  of  the  chest  is  increased.  The  inter- 
costal spaces  are  widened ;  there  is  premature  ossification  of  the  rib  carti- 
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lages.  Ereund  believes  that  the  emphysema  is  secondary,  like  the  deform- 
ity of  the  thorax,  to  changes  in  the  costal  cartilages,  but  Frankel  opposes 
this  view.  Owing  to  the  fact  that  many  of  the  alveolar  walls  with  their 
capillaries  are  destroyed,  hypertrophy,  and,  later,  dilatation  of  the  right 
ventricle  occur ;  ultimately,  myocardial  insuflSciency  develops  and  may  be 
the  cause  of  death. 

Symptoms. — In  pronounced  cases,  the  barrel-shaped  thorax  (see  above) 
is  a  characteristic  feature.  Slight  grades  of  emphysema  may  cause  no  dis- 
tressing symptoms  except  when  complicated  by  bronchitis  or  asthma.  In 
severer  cases,  chronic  bronchitis  is  almost  always  present  and  is  associated 
with  dyspnea  and  cyanosis.  The  respiration,  which  is  chiefly  abdominal, 
is  accelerated,  and  the  expiratory  character  of  the  dyspnea  is  marked.  The 
cyanosis  may  reach  a  high  grade;  it  becomes  more  marked  on  muscular 
exertion,  or  during  a  complicating  bronchitis,  or  when  myocardial  insuffi- 
ciency sets  in.  The  veins  of  the  neck  and  head  are  usually  distended,  and 
there  is  often  venous  ectasis  of  the  skin  opposite  the  attachment  of  the 
diaphragm. 

On  percussion  there  is  hyperresonance,  the  tone  being  louder  and  of 
lower  pitch  than  normal  (boxlike  tone)  ;  the  lower  limits  of  the  lungs 
extend  below  the  normal  level ;  and  there  is  diminished  dislocation  of  the 
lower  limits  on  inspiration.  The  superficial  cardiac  dullness  is  diminished 
or  obliterated. 

On  auscultation,  the  inspiratory  murmur  is  feeble,  and  is  followed  by  a 
prolonged,  difficult,  expiratory  sound ;  rhonchi,  sibilant  and  sonorous,  due 
to  the  complicating  bronchitis,  often  replace  the  inspiratory  breath  sound. 
During  attacks  of  bronchial  catarrh,  moist  rales  may  be  audible.  Though 
the  position  of  the  right  margin  of  the  heart  may  be  hard  to  determine  on 
account  of  the  emphysema  unless  rontgenoscopy  be  resorted  to,  the  hyper- 
trophy of  the  right  ventricle  is  usually  indicated  by  accentuation  of  the 
pulmonic  second  sound.  The  heart  sounds,  on  the  whole,  seem  distant  on 
auscultation.  The  most  important  disturbance  in  emphysema  is  undoubt- 
edly the  hindrance  to  the  circulation  and  the  strain  on  the  right  side  of 
the  heart. 

The  sputum  varies  with  the  complicating  conditions  (dry  catarrh, 
moist  catarrh,  bronchiectasis). 

On  x-ray  examination,  the  abnormal  clearness  of  the  pulmonary  areas, 
the  low  position  of  the  diaphragm  and  the  enlargement  of  the  cardiovascu- 
lar stripe  to  the  right  are  striking  features. 

Diagnosis. — This  ought  not  to  be  difficult  if  what  has  been  said  above  be 
attended  to.  In  the  differential  diagnosis,  it  is  necessary  to  distinguish 
emphysema  (1)  from  pneumothorax  (metallic  phenomena,  process  uni- 
lateral, rontgenography)  ;  and  (2")  from  bilaterally  adherent  pleurae  with 
myocardial  insufficiency  (higher  position  of  the  diaphragm,  rontgenog- 
raphy). 
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Genuine  chronic  vesicular  emphysema  will  scarcely  be  confused  with 
acute  lung  distention  if  the  history  of  the  patient  be  studied  and  the  course 
of  the  disease  be  observed. 
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3.    Pneumopathies  of  Circulatory  Origin 

Under  this  heading  we  include : 

(a)  Chronic  passive  congestion  of  the  lungs  and  stasis  bronchitis. 

(b)  Pulmonary  hemorrhage  and  hemoptysis. 

(c)  Pulmonary  embolism,  hemorrhagic  infarction  of  the  lung 

and  thrombosis  of  the  pulmonary  artery. 

(d)  Edema  of  the  lungs. 


(a)    Chronic  Passive  Congestion  of  the  Lungs  and  Stasis 

Definition. — A  condition  met  with  in  diseases  leading  to  prolonged 
stasis  in  the  pulmonary  veins  and  resulting  in  hyperemia  and  induration  of 
the  lungs. 
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Etiology  and  Pathogenesis. — Stasis  in  the  pulmonary  veins  may 
occur  in  any  condition  that  causes  directly  or  indirectly  a  dilatation  of 
the  left  atrium  of  the  heart.  Thus  it  is  common  in  mitral  lesions,  and  in 
conditions  causing  dilatation  of  the  left  ventricle,  for  example,  aortic  in- 
sufficiency and  the  myocardial  insufficiency  of  myocarditis,  adhesive  peri- 
carditis, and  the  chronic  cardiopathies  of  renal  and  of  thyrotoxic  origin. 
The  stasis  leads  to  engorgement  of  the  pulmonary  capillaries  and  to  a 
gradual  increase  in  the  consistency  of  the  lung  substance  due  to  increase 
of  fibrous  tissue.  The  pathological  anatomists  describe  a  "red  induration'' 
(earlier  stages)  and  a  "brown  induration"  of  the  lungs  (later  stages). 
The  alveoli  contain  a  few  desquamated  alveolar  epithelial  cells,  a  few 
white  and  red  blood  corpuscles,  and  the  characteristic  hemosiderin-con- 
taining  "heart-failure  cells.'* 

Sjrmptoms. — The  patients  complain  of  shortness  of  breath,  especially 
on  exertion,  and  there  is  usually  cough  with  mucoid  sputum  containing 
d^uamated  alveolar  epithelium  filled  with  a  yellow  to  a  blackish-brown- 
colored  ferruginous  pigment  ("heart-failure  cells").  The  sputum  is 
occasionally  streaked  with  blood. 

On  percussion  over  the  lungs,  the  note  may  be  slightly  impaired.  On 
auscultation,  the  breath  sounds  are  usually  impure;  they  may  be  feebler 
than  normal  or  somewhat  accentuated,  and,  owing  either  to  slight  edema 
or  to  a  complicating  bronchitis,  usually  fine  and  medium-sized  moist  rales 
can  be  heard,  especially  over  the  lower  lobes,  though  the  findings  vary 
much  from  day  to  day. 

Bontgenograms  show  lung  areas  that  are  bilaterally  and  throughout 
less  clear  than  normal,  owing  to  the  general  slight  condensation  of  the 
lung-substance;  the  hilus  shadows  are  larger  and  denser  than  normal. 

Chronic  passive  congestion  of  the  lungs  is  often  complicated  by  other 
phenomena  common  in  myocardial  insufficiency  (e.  g,,  edema  of  the  lungs, 
atelectasis,  hypostatic  congestion,  hydro  thorax,  and  infarction). 

(6)    Pulmonary  Hemorrhage  and  Hemoptysis 

Blood  in  the  respiratory  tubes  may  be  aspirated  from  above  (nose, 
pharynx),  or  result  from  hemorrhage  due  to  erosion  of  vessels  in  the  walls 
of  a  cavity  .or  of  an  ulcer  (phthisis,  lues,  paragonimiasis,  bronchiectasia, 
gangrene)  ;  from  passive  hyperemia  of  the  lung  (in  cardiac  stasis,  in  com- 
pression of  the  pulmonary  veins  by  neoplasms,  enlarged  glands  or  aneu- 
risms) ;  from  active  hyperemia  of  the  lung  (in  tuberculosis,  cancer,  echi- 
nococcus,  or  malaria);  from  rupture  of  an  aneurism  or  from  trauma; 
from  hemorrhagic  diathesis  (scurvy,  hemophilia,  purpura,  acute  leu- 
kemia) ;  rarely  from  vicarious  menstruation.  In  hemoptysis  or  coughing 
up  of  blood,  these  various  possible  sources  as  well  as  hemorrhagic  infarc- 
tion should  be  considered. 
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The  amount  of  blood  expectorated  may  vary  from  a  minute  quantity, 
streaking  the  sputum,  to  large  amounts  (100  c.c.;  1  liter;  even  3  liters!). 
The  blood  is  bright  red  and  frothy.  There  may  be  fever  for  2-3  days  after 
a  hemoptysis,  due  to  absorption  of  blood,  or  to  a  complicating  inflam- 
mation. 

In  pulmonary  tuberculosis  a  hemoptysis  may  lead  to  an  extension  of 
the  tuberculous  process  to  other  parts  of  the  lung,  and  either  a  caseous 
pneumonia  or  an  acute  disseminated  tuberculosis  of  the  lungs  may  follow. 

In  the  differential  diagnosis  of  hemoptysis,  we  must  rule  out  epistaxis, 
hematemesis,  and  buccal,  pharyngeal  and  laryngeal  hemorrhages. 
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(c)     Pulmonary  Embolism;  Hemorrhagic  Infarction  of  the  Lung; 

Pulmonary  Thrombosis 

Embolism  of  the  main  stem  or  of  a  branch  of  the  pulmonary  artery  is  by 
no  means  uncommon ;  over  half  of  all  cases  of  embolism  involve  this  domain. 
The  most  common  form  of  embolus  is  a  blood  clot  embolus,  that  is,  a  frag- 
ment of  a  thrombus,  detached  from  its  site  of  formation  in  the  right  heart 
(mitral  stenosis,  myocardial  insuflSciency,  etc.),  or,  more  often,  in  one  of 
the  body  veins  (saphenous,  femoral,  prostatic,  uterine,  etc)  in  acute  infec- 
tions, in  the  puerperium,  and  after  operations.  Other  forms  of  emboli,  such 
as  fat  embolns,  gas  embolus,  and  cell  embolus,  are  only  occasionally  met 
with.  The  so-called  bland  emboli  are  sterile ;  emboli  that  contain  patho- 
genic bacteria  are  known  as  septic  emboli 

i.    Embolisni  of  the  Pulmonary  Artery  or  of  One  of  Its  Lar^  Branches 

Symptoms. — A  patient  of  mine,  a  young  woman,  who  had  suffered  for 
years  from  mitral  stenosis,  was  talking  quietly  to  her  mother  while  out 
driving,  when  suddenly  she  broke  off  in  the  middle  of  a  sentence;  the 
mother,  on  looking  around,  saw  that  her  daughter's  head  had  dropped 
forward  and  that  she  was  unconscious;  in  a  few  moments  she  was  dead. 
Such  a  sudden  death,  due  to  embolism  of  the  main  tnmk  of  the  A.  pul- 
monalis,  is  not  uncommon  in  long-standing  cardiac  disease,  in  convales- 
cence from  pneumonia,  or  in  the  puerperium.  The  patients  may  be  either 
very  pale  when  the  death  is  sudden,  or  cyanotic  when  they  live  a  little 
longer.    In  some  instances,  the  first  symptom  is  extreme  dyspnea,  accom- 
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panied  by  a  feeling  of  anxiety ;  the  patients  struggle  for  breath,  and  may 
even  cry  out ;  then  they  become  unconscious,  the  breathing  stops  and  the 
pulse  becomes  imperceptible. 

When  the  embolus  lodges  in  the  right  or,  less  frequently,  the  left 
branch,  having  passed  through  the  main  trunk,  death  is  sometimes  just  as 
sudden,  but,  more  often,  the  patient  lives  for  a  few  hours ;  there  is  marked 
dyspnea,  great  anxiety,  and,  soon,  cyanosis ;  the  patient  breaks  out  into  a 
cold  sweat,  and  may  remain  conscious  for  a  time  complaining  of  headache 
and  vertigo ;  the  pupils  dilate,  and  the  eyes  protrude ;  later,  patients  be- 
come comatose  and  convulsive  seizures  may  precede  death.  Occasionally, 
a  pati^it  recovers,  but  often  when  recovery  has  begun  to  seem  probable, 
the  symptoms  become  worse,  due  to  further  embolism  or  to  the  conversion 
of  a  partial  obstruction  into  a  complete  one  from  thrombus  formation  at 
the  site  of  the  embolus. 

On  examination  of  the  chest,  there  may  be  a  lagging  of  the  right  side 
of  the  chest  on  inspiration,  and  the  breath  sounds  may  be  feebler  on  that 
side;  the  areia  of  cardiac  dullness  usually  becomes  enlarged  to  the  right. 

Diagnosis. — The  diagnosis  cannot  be  made  with  certainty,  but  it  is 
made  very  probable  if  the  symptoms  above  mentioned  occur  in  a  patient 
that  is  known  to  have  venous  thrombosis,  or  has  recently  had  an 
operation  (laparotomy,  prostatectomy),  or  one  in  the  puerperium,  or 
in  the  convalescent  stage  of  pneumonia,  or  under  treatment  for  severe 
chlorosis.  A  loud  whistling  systolic  murmur  in  the  second  left  intercostal 
space  or  along  the  right  side  of  the  sternum  can  occasionally  be  made  out 
(Litten)  ;  it  is  believed  to  be  a  sign  of  incomplete  occlusion  of  the  A. 
pnlmonalis. 

iL    Embofism  of  a  Medimn-sized  Branch  of  the  Puhnonary  Arteiy  Causmtf 

Infarction  of  the  haoi 

The  immediate  effects  of  embolism  of  a  medium-sized  branch  may  be 
slight,  or,  if  the  patient  suffer  from  myocardial  insuflSciency,  may  be  so 
severe  as  to  resemble  those  due  to  embolism  of  the  right  or  left  main 
brancL  In  case  death  does  not  occur  from  the  embolism  there  is  a  danger 
not  incident  to  embolism  of  the  larger  trunks,  namely,  that  of  hemorrhagic 
infarction.  This  occurs  only  when  the  pulmonary  capillaries  are  abnormal, 
either  owing  to  preexisting  passive  congestion,  or  to  damage  from  a  septic 
embolus  without  previous  stasis.  The  filling  of  the  infarcted  area  with 
blood  may  be  due  either  to  collateral  flow  from  neighboring  pulmonary 
capillaries,  or  to  retrograde  inflow  from  the  bronchial  veins,  since,  as  is 
well  known,  the  latter  empty  into  the  pulmonary  veins. 

Sjrmptoms. — An  embolism  not  followed  by  infarct  may  cause  no  symp- 
toms during  life,  as  we  know  from  post-mortem  examinations  of  well- 
studied  clinical  cases.     If  infarction  occur,  the  patient  complains  of  a 
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^'stitch  in  the  side,"  due  to  the  dry  pleurisy  over  the  infarct,  and  of  diffi- 
culty in  breathing.  A  little  later,  the  sputum  becomes  streaked  with 
blood  or  rusty,  or  there  may  be  an  outspoken  hemoptysis;  on  microscopic 
examination,  one  sees  not  only  red  blood  corpuscles,  but,  also,  nearly 
always,  "hear^failure  cells."  There  is  usually  some  fever,  and  sometimes 
a  chill,  and  these  symptoms  may  lead  to  the  false  diagnosis  of  croupous 
pneumonia.  The  fever  may  occur  even  when  the  infarction  is  due  to  a 
bland  embolus ;  it  may  then  be  the  result  either  of  absorption  of  blood  or 
of  a  secondary  infection. 

On  percussion  and  auscultation,  there  is  'dullness  over  the  inf arcted 
area ;  the  breath  sounds,  at  first  indefinite,  soon  become  bronchial  in  type ; 
crepitant  rales  are  audible ;  and,  frequently,  a  pleuritic  friction  sound  can 
be  heard.  In  the  rontgenogram,  a  shadow,  usually  sharply  circumscribed, 
can  be  made  out,  though  if  the  passive  congestion  be  extreme,  or  if  there 
be  associated  edema  of  the  lung^  the  outlines  of  the  shadow  may  not  be 
sharp. 

Hemorrhagic  infarction  occurs  more  often  in  the  lower  lobe  of  the 
right  lung  than  in  any  other  part. 

In  favorable  cases,  the  temperature  may  soon  become  normal,  the 
sputum  ceases  to  be  bloody,  and  the  physical  signs  gradually  disappear. 
In  the  unfavorable  cases,  death  may  occur  from  cardiac  failure,  from 
abscess  formation  or  from  gangrene.  Occasionally,  an  empyema  develops, 
or  a  pneumothorax  occurs.  A  patient  -doing  well,  after  an  embolism,  may 
succumb  later  from  repeated  embolic  attacks. 

Differential  Diagnosis. — ^We  must  try  to  distinguish  infarction  (1) 
from  simple  dry  pleurisy;  (2)  from  lobar  pneumonia;  (3)  from  pulmo- 
nary tuberculosis  (anamnesis,  sputum,  Calmette,  x-ray) ;  (4)  from  tumor 
of  the  lung  (rontgenogram)  ;  (5)  from  echinococcus  cyst  (x-ray,  situation 
in  upper  lobe  or  in  left  lung,  complement-fixation  test). 

iiL    EmboBam  of  ilie  Smaller  Brandies  of  ilie  PulmoBary  Artery 

A  single  embolus  in  a  small  branch  does  no  harm  and  causes  no  symp- 
toms, except,  of  course,  when  it  carries  pathogenic  bacteria  or  tumor  cells, 
in  which  event  a  metastatic  abscess  or  a  local  neoplasm  may  develop. 

Multiple  embolisms  of  small  branches  of  the  A.  pulmonalis  are  most 
often  due  either  to  air  bubbles  (opening  of  a  large  vein  at  surgical  opera- 
tion), or  to  fat  droplets  (after  bone  injury) ;  they  may  be  very  serious 
indeed,  often  causing  death  either  suddenly  or  after  a  few  hours. 

Sjrmptoms. — In  air  embolism^  there  may  be  a  sudden  attack  of  dyspnea 
with  cyanosis  after  opening  a  large  vein ;  the  surgeon  may  hear  the  gas 
enter  the  vein.  The  patient  quickly  becomes  unconscious  and  may  have 
convulsions.  Death  may  occur  at  once,  or  after  a  few  hours.  Recovery 
is  rare.    A  bubbling  murmur  may  be  audible  over  the  right  heart,  since 
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the  rigbt  venjkricle  may  be  full  of  air  or  bloody  froth;  in  the  area  of 
cardiac  dullness  the  percussion  note  may  become  tympanitic 

In  fat  embolismy  though  the  emboli  lodge  in  the  smaller  branches  of 
the  pulmonary  arteries,  the  symptoms  resemble  those  of  gradual  occlusion 
of  the  main  trunk  of  the  A.  pulmonalis.  (See  above*)  The  patient^  a 
few  hours  after  a  bone  injury,  or  after  a  severe  bum,  begins  to  have 
dyspnea,  which  gradually  increases  in  severity.  There  is  a  general  cya- 
nosis. The  patient  has  an  anxious  look.  On  physical  examination  of  the 
lungs,  there  may  be  nothing  to  make  out,  except  slight  signs  of  pulmonary 
edema  (g.  v.).  Recovery  is  not  uncommon  if  the  emboli  be  not  too  numer- 
ous. In  the  severer  cases,  death  occurs  in  a  few  hours  or  days.  Now  and 
then,  fat  droplets  pass  through  the  lungs,  enter  the  general  circulation, 
and  may  give  rise  to  embolism  of  the  cerebral,  retinal,  or  renal  arteriole's. 
In  cases  that  recover,  the  emboli  disappear,  partly  through  sap<;>nification 
of  the  fat  by  the  blood,  partly  through  ingestion  by  phagocytes. 

iv.    TbromlMMia  of  ilie  PulmoBary  Artery  or  of  Its  Brandies 

Antochthonous  thrombosis  of  the  main  trunk  or  of  the  right  or  left  branch- 
is  rare,  but  does  occur  occasionally,  especially  in  children  after  severe  intestinal 
catarrh  (Beneke)  or  after  measles  (Staehelin) ;  the  lesion  also  may  oeenr  as  an 
agonal  phenomenon.  During  life,  the  signs  are  usually  believed  to  be  due  to  a 
bronchopneumonia  and  only  at  autopsy  is  the  true  nature  of  the  lesion  revealed. 

Most  of  the  described  thromboses  of  the  artery  were  not  primary,  but  were  either 
thrombotic  extensions  of  emboli,  or  were  only  the  emboli  themselves  derived  from 
distant  thrombi  in  veins  (Lubarsch).  Multiple  thrombi  are  sometimes  found  in 
the  smaller  branches  of  the  pulmonary  artery  after  inhalation  of  poisonous  gases 
(f.  g.,  phosgen) ;  the  diagnosis  cannot  bo  made  with  certainty  during  life. 
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(d)    Edema  of  the  Lungs 

In  edema  of  the  lungs,  serum  escapes  from  the  capillaries  and  not  only 
saturates  the  interstitial  tissue  but  also  enters  the  pulmonary  alveoli.  It 
may  be  (1)  inflammatory,  as  in  pneumonia;  or  (2)  non-inflammatory  or 
mechanical,  due  to  cardiac  failure,  especially  when  the  left  ventricle  fails 
before  the  right  (W.  H.  Welch)  ;  the  latter  is  often  agonal,  and  is  espe- 
cially common  in  mitral  stenosis,  in  acute  intoxications  and  infections, 
and  in  diseases  associated  with  hydremia  (chronic  nephropathies,  per- 
nicious anemia,  etc.).  According  to  Sahli,  an  increased  permeability  of 
the  vessel  walls  is  even  more  important  than  the  failure  of  the  left  heart; 
in  some  cases,  neural  influences  appear  to  play  a  part  Clinically,  we  may 
be  unable  to  distinguish  the  mechanical,  the  inflammatory,  and  the  neural 
edemas  from  one  another.  Acute  edema  of  the  lungs  occasionally  follows 
thoracentesis. 

Symptoms  and  Signs. — The  onset  is  usually  heralded  by  dyspnea  and 
cyanosis ;  the  extremities  are  cold  and  the  patient  breaks  out  into  a  cold 
sweat,  the  face  assuming  an  anxious  appearance.  In  outspoken  cases  of 
acute  and  peracute  edema,  the  sputum  is  very  characteristic,  being  copious, 
thin,  frothy  and  tinged  pink  owing  to  the  admixture  of  blood.  Loud 
tracheal  rales  (the  **death-rattle")  may  be  audible.  The  frothy,  blood- 
stained fluid  may  well  up  into  the  mouth  and  out  through  the  lips  in  large 
quantities ;  this  fluid  is  rich  in  protein  and  may  coagulate  spontaneously 
in  the  sputum  cup. 

The  percussion  note  varies  according  to  the  degree  of  edema.  When 
this  is  slight  there  may  be  no  change,  or  only  slight  tympany.  If  it  be 
marked,  and  especially  if  the  edema  be  chronic,  the  note  may  be  dull. 
Crepitant  or  loud  moist  rales  are  nearly  always  audible  on  auscultation; 
sometimes  there  is  only  loud  roughened  breathing  without  rales.  In  the 
rontgenogram,  the  lung  area  is  not  as  clear  as  normal,  being  diffusely 
clouded  or  indistinctly  mottled. 

In  inflammatory  edema,  there  is  fever,  a  strong  pulse,  and  usually  a 
polymorphonuclear  leukocytosis. 

In  nonrinflammaiory  edema,  fever  is  absent,*  the  pulmonary  second 
sound  is  exaggerated,  and  the  pulse  is  usually  small  and  frequent.  The 
history  of  the  case  (cardiac  disease,  renal  disease,  arterial  hypertension) 
helps  in  the  diagnosis.  A  recurring  form  of  acute  pulmonary  edema  is 
not  uncommon  in  mitral  stenosis  and  in  arteriolar  nephropathy. 
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Diagnosis. — This  is  easy  when  dyspnea  is  associated  with  frothy,  blood- 
tinged  sputum,  rich  in  protein.  When  the  typical  sputum  is  absent,  the 
diagnosis  may  be  difficult  and  the  condition  may  be  confused  with  hypo- 
static congestion  or  with  atelectasis.  When  the  condition  of  a  patient 
favors  the  development  of  a  pulmonary  edema,  a  close  watch  should  be 
kept  on  the  lungs ;  should  crepitation  appear  apd  begin  to  spread  rapidly, 
prompt  and  energetic  therapy  may  prevent  an  attack.    '^. 
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I    Pneumopathies  Due  to  Foreign  Bodies  and  Parasites 

Under  this  caption  may  be  included  (a)  the  pneumonoconioses  and 
(b)  parasitic  invasions  of  the  lungs, 

(a)    The  Pneumonoconioses 

Deflmtion. — The  diseases  of  the  lungs  due  to  inhalation  of  dust  of 
various  sorts  are  called  the  pneumonoconioses.  The  dust  gives  rise  to 
chronic  bronchitis  and  to  interstitial  inflammations  of  the  lung  that  lead 
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to  fibrosis  (cirrhosis  pulmonum).    Bronchiectasis  and  emphysema  often 
develop.    The  diseases  are  often  complicated  by  tuberculous  infection. 

Varietiei  of  Pnenmonoconiosis. — Three  main  varieties  are  distinginslh 
able,  namely: 

(1)  Anthracosis  pulmonum^  due  to  carbon  or  coal-dust,  met  with  in 
ooal-miners^  chimney-sweeps,  stokers,  and  workers  in  graphite. 

(2)  Chalicosis  ptUmonum,  due  to  stone-dust,  and  met  with  in  stone- 
cutters, slate-workers,  polishers,  etc.  The  gold-miner's  phthisis  of  South 
Africa  seems  to  belong  here. 

(3)  Siderosis  pulmonum,  due  to  iron-oxid-dust,  met  with  in  file 
workers,  iron-workers,  scissors-grinders,  mirror-makers,  workerk  in  wall- 
paper factories,  etc. 

Similar  lung  diseases  occur  in  persons  following  other  occupations 
(millers,  bakers,  carpenters,  weavers,  cigar-makers,  potters,  fwtUizer- 
makers,  etc.). 

Disposition. — It  is  a  remarkable  fact  that  certain  only  of  the  workers 
become  affected.  There  would  seem,  therefore,  to  be  a  special  disposition 
to  attack.  This  disposition  is  increased  by  any  previous  affection  of  the 
bronchi  or  of  the  lungs.  The  disease  has  been  experimentally  studied  by 
Arnold  (1885)  and  by  Tendeloo  (1902).  One  of  the  best  accounts  in 
English  will  be  found  in  Oliver's  "Diseases  of  Occupation"  (1908). 

Sjrmptoms. — While  the  dust  is  being  inhaled,  the  symptoms  of  bron- 
chitis develop  and  the  sputum  contains  the  dust  particles.  As  a  rule  the 
bronchitis  ceases  soon  after  removal  of  the  patient  from  the  harmful 
occupation,  but  it  may  continue  even  after  removal,  especially  if  bron- 
chiectasis and  emphysema  have  already  developed.  Occasionally,  a  putrid 
bronchitis  complicates  the  picture.  When  the  disease  has  led  to  duronic 
interstitial  inflammation  of  the  lungs,  there  is  dullness  on  percussion,  and 
moist  rales  are  audible  on  auscultation,  the  upper  lobes  being  symmetric- 
ally involved  on  the  two  sides  (the  reverse  of  what  occurs  in  fibroid  tuber- 
culosis, in  which  one  side  is  more  involved  than  the  other).  The  patients 
are  usually  pale,  suffer  from  cough,  and  may  have  "asthmatic"  attacks. 
Many  of  them  are  erroneously  believed  to  be  tuberculous,  especially  if 
there  be  cavity  formation  with  nummular  sputum.  It  must  not  be  forgot- 
ten, however^  that  pneumonoconiosis  and  tuberculosis  not  infrequently 
coexist. 

Rontgenc^ams  show  a  coarsely  granular,  evenly  distributed,  mottling 
of  the  upper  parts  of  the  lung  areas,  the  two  lungs  being  equally  affected. 
The  appearance  is  not  unlike  that  of  miliary  tuberculosis,  but  the  mark- 
ings are  coarser. 

In  the  later  stages,  the  signs  of  cirrhosis  of  the  lung  can  be  made  out, 
namely,  retraction  of  the  chest  on  the  affected  side,  increased  vocal  frem- 
itus, dullness  on  percussion,  and  bronchial  breathing  with  moist  rales. 
The  right  heart  is  hypertrophied  and  the  pulmonic  second  sound  accentu- 
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ated.  In  the  severer  forms,  the  right  ventricle  dilates  and  relative 
tricuspid  insufficiency  develops.  The  bronchial  lymph  glands  become 
filled  with  dust  transported  through  the  lymph  channels ;  sometimes  these 
glands  soften  and  break  down,  rupturing  into  the  bronchi,  the  blood  ves- 
sels, the  pericardium  or  the  esophagus.  Cicatrix  formation  may  lead  to 
traction-diverticulum  of  the  esophagus,  or  to  tracheal  or  bronchial  stenosis. 
Occasionally  a  fibrous  mediastinopericarditis  develops  as  a  result  of  pneu- 
monoconiosis. 
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(6)    Parasites  of  the  Lung 

Aside  from  bacterial  invasions  of  the  lungs,  invasions  by  actinomyces, 
streptothrix,  aspergillus,  mucor,  thrush  fungi,  etc.,  may  occur.  Pigeon- 
feeders  are  especially  prone  to  pseudotuberculosis  aspergillina,  described 
by  French  authors  as  malddie  des  ganeurs  des  pigeons^ 
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Of  the  animal  parasites  that  invade  the  lung,  echinocoocus  and  para- 
gonimus  are  the  more  important. 

Echinococcus  cyst  is  most  often  met  with  in  the  right  lower  lobe.  The 
parasite  nsuallj  reaches  the  lung  as  an  embolus^  having  reached  the  right 
heart  either  through  the  vena  cava  superior  or  through  the  vena  hypo- 
gastrica.  Sometimes  a  cyst  of  the  liver  breaks  into  the  right  pleural  cavity 
and  then  involves  the  lung.  The  diagnosis  depends  on  (1)  the  rontgeno- 
gram,  (2)  the  complement-fixation  test,  or  (3)  upon  finding  membrane  or 
booklets  in  the  sputum. 

The  Paragoiiimus  westermanni  is  the  cause  of  the  endemic  hemopty- 
sis of  Japan  and  other  Oriental  countries.  (For  a  description,  see  section 
on  Sputum.) 

An  amebic  abscess  of  the  liver  is  sometimes  emptied  through  the  lung 
and  the  Entameba  histolytica  is  discoverable  in  the  sputum. 
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B.    The  Neoplastic  Pneumopathies 

(Tumors  of  the  Lung) 

Tumors  of  the  lung  may  be  primary  in  the  lung  substance  or  bronchi 
(carcinoma) ;  more  often  they  are  metastatic  through  the  blood  stream 
(sarcoma),  or  reach  the  lung  by  extension  directly,  or  through  the  lymph 
channels  (sarcoma  of  the  thymus,  lymphosarcoma,  carcinoma  esophagi). 
Benign  tumors  (teratoma,  dermoid  cyst,  fibroma,  adenoma,  lipoma,  os- 
teoma, chondroma)  are  clinical  and  pathological  rarities. 

Cancee  of  the  lung,  when  primary,  arises  most  often  from  the  mucous 
glands  of  a  bronchus,  occasionally  from  the  surface  epithelium  of  a 
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bronchus  or  of  a  pulmonary  alveolus.  When  a  cancer  begins  at  the  hilus 
of  a  lung  it  may  extend  as  a  compact  mass  into  the  adjacent  lung  tissue, 
or  it  may  grow  out  into  the  lymphatics  (either  those  ensheathing  the 
bronchiy  or  those  in  the  interstitial  tissue  of  the  lung).  But  cancer  may 
begin  in  the  middle  of  a  lobe  and  form  a  sharply  circumscribed  mass 
there,  or  it  may  diffusely  infiltrate  a  lobe,  roughly  resembling  the  involve- 
ment in  a  caseous  pneumonia.  Metastases  may  involve  the  pleura,  the 
bronchial  glands,  or,  sometimes,  the  mediastinal  and  the  supraclavicular 
glands. 

Primary  lymphosarcoma  of  the  lung  is  not  uncommon  among  miners. 
Secondary  (metastatic)  tumors  of  the  lung  are  much  more  common  than 
primary  tumors.    They  are  usually  multiple  and  often  involve  both  lungs. 

Sjrmptoms. — ^At  onset  the  symptoms  may  not  be  at  all  characteristic. 
The  patient  may  complain  of  pain  or  discomfort  in  the  thorax,  of  cough 
and  sputum,  or  of  an  inexplicable  dyspnea.  Occasionally,  the  signs  of 
pleurisy,  of  dysphagia,  or  of  hoarseness  and  paralysis  of  a  recurrent 
laryngeal  nerve  first  excite  attention.  There  may  or  may  not  be  fever  of 
low  grade. 

On  physical  examination,  there  may  be  lagging  of  one  side  of  the 
chest  on  inspiration,  or  signs  either  of  a  pleural  eflfusion  or  of  retraction 
on  one  side.  Pressure  signs  may  be  visible  on  inspection  (collateral 
circulation). 

On  palpation,  percussion  and  auscultation,  we  may  find  dullness,  with 
enfeebled  breath  sounds,  and  lessened  vocal  fremitus,  without  rales.  Not 
infrequently,  the  signs  of  a  pleural  effusion,  of  a  mediastinal  mass,  or  of 
a  bronchiostenosis  will  be  demonstrable. 

The  sputum  may  or  may  not  be  characteristic.  Easpberry-jellylike 
sputum  is  very  suspicious.  Hemoptysis  occasionally  occurs.  Large  fat 
droplets  in  the  sputum  are  suggestive  (degeneration  of  tumor  cells). 
Sometimes  actual  tumor-particles  can  be  found  in  the  sputum.  If  tumor 
be  suspected,  some  of  the  sputum  should  be  hardened,  sectioned  and 
stained,  and  areas  of  carcinoma-  or  sarcoma-tissue  looked  for. 

When  pleural  effusion  is  present,  the  fluid  obtained  by  exploratory 
puncture  should  be  carefully  examined.  A  hemorrhagic  effusion  usually 
indicates  either  tuberculosis  or  carcinoma.  (See  Tumors  of  the  Pleura.) 
Cytological  study  of  the  sediment  may  reveal  the  presence  of  tumor  cells 
(sheets  of  cells,  "seal-ring"  cells). 

In  rontgenograms  the  findings  may  be  characteristic  and  decisive, 
especially  in  tumors  beginning  at  the  hilus.  One  sees  a  spherical  or  irreg- 
ularly-shaped mass  from  which  jagged  processes  radiate  out  into  the  sur- 
rounding lung  area.  In  metastatic  carcinoma,  multiple  shadows  may  be 
scattered  through  both  lungs,  usually  most  numerous  in  the  right  lower 
lobe. 

Diagnosis  and  Differential  Diagnosis* — ^Many  mistakes  are  made.    The 
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FLg.  ITS. — Tumor  at  LuDg.      (X-raj  Dept.,  J.  H.  H.) 

condition  is  ofton  overlooked  when  present ;  a  positive  diagnoBis  of  neo- 
plasm is  sometimes  made  ^vhen  no  tumor  exists. 

Errors  of  omission  are  leas  likely  if  the  clinician  will  think  of  the 
possibility  of  tumor  of  the  Inng  in  obscure  intrathoracic  disease.  A 
persistent  pleurisy,  especially  if  tlie  effusion  be  hemorrhagic,  a  gradually 
developing  bronchiostenoais,  a  raapberry-jelly  spiitnm  in  an  old  person,  a 
mediastinal  growth,  or  a  progressive  cachexia  associated  with  cougb  and 
dyspnea,  should  certainly  excite  suspicion.  This  suspicion  will  be 
strengthened  if  the  physical  signs  above  described  (circumscribed  dullness, 
suppression  of  breath  sounds,  diminished  fremitus,  absence  of  rales)  be 
found,  or  if  the  rontgenogram  be  characteristic.  The  occurrence  of  en- 
larged supraclavicular  glands  may  be  helpful  in  the  diagnosis.  I  was 
once  called  to  Texas,  to  try  to  give  relief  to  an  elderly  miner,  who  was 
supposedly  suffering  from  pulmonary  tuberculosis,  and  who  had  b^un  to 
have  severe  neuralgic  pains  in  the  neck.  On  examination,  I  found  a 
hemorrhagic  pleural  effusion  on  one  side,  suggestive  lung  signs,  and 
enlarged  supraclavicular  glands  that  rapidly  grew  in  size.  On  excision 
of  one  of  the  glands  for  diagnosis,  the  histological  study  revealed  a  lympho- 
sarcoma. On  another  occasion,  I  saw  in  Virginia  an  elderly  miner,  sup- 
posedly suffering  from  uremic  asthma.     His  blood   pressure  was   onl^ 
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slightly  elevated,  there  was  a  trace  of  slbumin  and  a  few  casts  in  the  urine, 
and  his  heart  was  negative;  a  routine  physical  examination  brought  to 
li^t  a  chain  of  enlarged  lyinph  glands  in  the  tight  neck,  and  suspicious 
Inng  signs.  The  glands  rapidly  enlarged  and  the  patient  died  a  few  weeks 
later. 

In  some  cases,  a  positive  diagnosis  becomes  possible  tlirough  finding 
particles  of  tumor  io  a  pleural  effusion  or  in  the  sputum,  through  histo- 
logical examinations  of  a  supraclavicular  gland,  or  through  actual  hroncho- 
Bcopic  inspection. 

If  neoplasm  be  thought  to  be  present,  we  should  try  to  determine  its 
site  and  its  origin,  whether  it  be  single  or  multiple,  whether  primary  or 
secondary,  and,  when  possible,  its  ciiact  nature. 

In  the  differenti»l  diagnosis  we  must  rule  out:  (1)  aneurism  of  (he 


Pig.   176. — ^Intrt thoracic  Tumor :  I'robably  a  Teratoma.      Nolo   llip  Smoolh  CoDtoar. 


aorta  (rontgenoscopy,  positive  Wassermann) ;  (2)  mediastinal  tumors 
(q.  r.) ;  (3)  pulmonary  tuberculosis  (search  for  bacilli,  absence  of  tumor 
cells  and  fat  droplets  from  sputum,  rontgenography ;  histology  of  excised 
gland)  ;  (4)  echinococctts  cyst  (rontgenography,  complement-fixation  test). 
The  possibility  of  confusion  with  (5)  infarct  of  Ike  lung,  (6)  syphilis  of 
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the  lung,  (7)  actinomycosis^  and  (8)  chronic  abscess  and  gangrene  should 
also  be  borne  in  mind. 

In  the  United  States,  Dr.  I.  Adler  of  New  York  has  had  a  large  expe- 
rience with  tumors  of  the  lung,  the  results  of  which,  together  with  a 
review  of  the  literature,  are  recorded  in  his  excellent  monograph. 
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¥.    Diagnosis  of  the  Principal  Diseases  of 

the  Pleura 

The  principal  diseases  of  the  pleura  include: 

1.  Inflammations  of  the  pleura  (pleuritis)  ; 

2.  Circulatory  disturbances  involving  the  pleura  (hydrothorax  and 
hemothorax)  ; 

3.  Air  or  gas  in  the  pleural  cavity  (pneumothorax)  ;  and 

4.  Tumors  of  the  pleura. 

L    Inflammations  of  the  Pleura  (Pleuritis,  Pleurisy) 

Pathology. — Inflammations  of  the  pleura  may  be  (a)  simple  (due  chiefly  to 
pyogenic  microorganisms — streptococci,  pneumococci,  influenza  bacilli,  etc.),  in 
which  case  they  may  be  acute  or  chronic;  or  (b)  specific  (tuberculosis,  luetic,  etc.). 

The  exudate  in  acute  pleuritis  may  consist  chiefly  of  fibrin  (dry  pleurisy  or 
pleuritis  sicca),  or  of  fluid  (pleurisy  with  effusion  or  pleuritis  exudativa).  In 
the  latter  case,  the  exudate  may  be  serous,  serofibrinous,  hemorrhagic  or  purulent. 
A  purulent  effusion  is  sometimes  spoken  of  as  an  empyema  or  pyothorax. 

Such  pleuritides  may  have  their  origin  in: 

(1)  Inflammations  or  infarcts  of  the  lung,  with  extension  to  the  pleura; 

(2)  Inflammations  of  neighboring  organs  extending  through  (pericardium, 
bronchial  lymph  glands,  peritoneum),  or  perforations  from  abscess  of  the  liver 
or  spleen,  from  ulcer  of  the  stomach,  or  from  carcinoma  of  the  stomach  or  of  the 
esophagus ; 

(3)  A  general  infection  (septicemia,  pyemia,  articular  rheumatism,  scurvy, 
smallpox;  or 

(4)  A  metastatic  infection  from  some  local  focus  (tonsillitis,  sinusitis,  etc.). 

An  acute  pleurisy  may  end  in  complete  absorption  of  the  exudate,  in  the  for- 
mation of  adhesions  (organization  of  the  exudate),  or,  in  chronic  pleurisy  toith 
thickening.  Sometimes  we  meet  with  encapsulation  of  an  exudate.  Calciflcation 
or  ossiflcation  of  the  pleura  occasionally  occurs. 

Of  the  specific  pleurisies,  tuberculosis  is  by  far  the  most  common.  Tuberculous 
pleuritis  usually  arises  by  extension  from  the  lungs  or  from  the  bronchial  glands. 
Syphilis  and  actinomycosis  of  the  pleura  are  rare. 

The  clinical  recognition  of  the  existence  of  pleurisy  depends  chiefly  upon  the 
results  of  physical  examination,  less  upon  the  subjective  symptoms  present.  The 
diagnostic  procedure  is  divisible  into  two  parts;  (1)  the  detection  of  the  signs  o£ 
anatomical  lesion;  and  (2)  the  etiological  or  bacteriological  diagnosis. 
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For  cHnical  purposes,  three  main  types  of  anatomical  lesion  are  dia- 
tinguisbable : 

(a)  Dry  or  plastic  pleurisy  (pleuritis  sicca}j 

(b)  Pleurisy  with  effusion  (pleuritia  exudativa); 

(c)  Chronic    pleurisy    with    adhesions    or   with    pleural   thickming 
(pleuritis  chronica  productiva). 

(a)    Drg  or  Plastic  PleurUy 

{Pleuritis  sicca) 

DeflnitloQ. — An  inflammation  of  the  pleura  in  wbieb  the  exudate  con* 
sists  chiefly  of  fibrin. 

Etiology. — By  far  the  most  common  cause 
of  dry  pleurisy  is  a  tuberculous  infection.  But 
it  may  follow  trauma,  or  may  occur  temporarily 
at  the  onset  of  a  lobar  or  a  lobular  pneumonia, 
in  carcinoma,  or  as  a  forerunner  of  a  sub- 
phrenic abscess. 

Symptoms  and  Signs. — The  patient  usually 
complains  of  pain  in  the  chest  on  the  side 
affected,  most  often  in  the  lower  axilla,  and 
tries  to  lessen  it  by  diminishing  the  respiratory 
movements  on  that  side.  There  mily  be  a  little 
cough,  with  slight  fever.  Friction  fremitus 
Which  ™8y  ^  palpable.  On  auscultation,  a  friction 
p«in  aad  Uyperaigesia  Were  rub  {q.  V.)  of  Variable  intensity  is  audible,  and 
ph"»gm«tjc  Picur?Bj.  "shide'd  is  ^^^  Ta&in  Criterion  in  diagnosis.  Such  pleural 
Area  on  Left  Shoulder  Is  In  friction  is  usually  loudest  in  regions  in  which 
the   Cntsneoug   DlatrlbDtloQ      ,,  ■     i       .1         ■  11 

of  the  Fourth  CerTicai  ^"®  excursion  made  by  the  visceral  pleura  over 
Nerve,  and  In  an  Evidence  of  the  parietal  pleura  during  respiration  is  great- 
ioa  from  VDtapb'ragmTy  ^st,  that  ia,  at  the  lower  margins  of  the  lung 
tbe  Phrenic  Kerve.  Which  and  in  tile  axillary  line.  The  sound  is  a  more 
Leaves  tbe  Spinal  Cord  witb  1         -    .  .    ,  ,    .  „  1.,  1 

the  Fourth  Cervical  Nerve,  or  less  interrupted  One  and  13  usually  audible 
Pbrenic  Nerve  contaiQa  At-  durinc  both  expiration  and  inspiration.  It  is 
ferent    Fibers    as    Well    as      .  j  l  1.        .  xl 

Efferent  (Motor),  aad  It  la     increased  by  pressure  on  the  stethoscope. 
In   all   Probability  by   the  Occasionally,  a  dry  pleurisy  may  be  demon- 

Ponner    that   tbe    Stimulus        ■     li        ^  '  /,i         1  11 

Is  Conveyed  to  Center  of  strable  at  onc  apex  (though  a  rub  here  is  rare 
Fourth   Cervical   Nerve   In     owing  to   the  minimal   movement),  or  in  the 

Cord.      Shaded  Area  In  Ab-        ,.       .        i-  1  /t   •   i-  i 

domen  Is  In  Region  of  Dis-  diaphragmatic   pleura    (friction   rub   occasion- 

iribution  o(  Eigbih  and  ally,  though  rarelv,  audible  near  diaphrajmiatic 
Ninth  Thoracic  Netvee.         ..     u  ^       l-     "       i_  ■  .       i 

(Afterj.  Mackeniie. -symp-  attachment;    hiccoogh    common;    pain    at   the 

toma  and  tbeir  intcrppeta-  lower  margin  of  the  thorax,  especially  on  couirti- 

tlon,"  publlnbed  by  Shaw  A  .  .  l-  ^--11 

Son    i^ndon )  >ig  or  01  retching,  sometimes  referred  to  the 
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aixlomen;  sudden  contraction  of  upper  part  of  M.  rectus  abdominis  on 
diseased  side  on  deep  inspiration,  or  so-called  "respiratory  abdominal 
reflex'^  of  R.  Schmidt;  pain  on  pressure  at  certain  points,  namely,  (1) 
between  the  sternal  and  the  clavicular  attachment  of  the  M.  sternocleido- 
mastoideuSy  (2)  the  sternal  margin  of  the  first  intercostal  space,  (3)  the 
junction  of  the  parasternal  line  with  a  line  corresponding  to  the  course  of 
the  10th  rib,  (4)  line  of  the  diaphragmatic  attachment,  and  (5)  the  spines 
of  the  4th  and  5th  cervical  vertebrae). 

Care  should  be  taken  not  to  confuse  a  friction  rub  with  (a)  skin 
sounds,  from  slipping  of  the  stethoscope,  (b)  muscle  sounds,  or  (c)  atelec- 
tatic crackles. 

A  dry  pleurisy  may  disappear  in  a  few  days,  or  it  may  last  for  weeks 
or  even  for  months.  It  is  always  important  to  search  for  what  "lies  behind 
it.'' 

(b)    Pleurisy  with  Effusion 

(Pleuritis  exudativa) 

Definition. — An  inflammation  of  the  pleura  associated  with  a  fluid  exu- 
date ;  the  fluid  may  be  serous,  serofibrinous,  serohemorrhagic,  purulent,  or 
putrid. 

i.    Pfeimsy  with  Serous  or  Serofibrinous  Eftuaioii 

(Pleuritis  serosa  dnd  Pleuritis  serofibrinosa) 

Etiology. — The  majority  of  cases  are  due  to  tuberculous  infection.  Bac- 
teriological examinations  of  the  centrifugate  by  means  of  stained  smears 
or  by  cultural  methods  in.  the  tuberculous  cases  may  be  negative,  but  in- 
oculation of  a  guinea-pig  with  the  sediment  is  usually  positive.  Even 
when  bacteria  other  than  tubercle  bacilli  are  demonstrable  in  the  cen- 
trifugate, the  possibility  of  a  mixed  infection  shpuld  not  be  lost  sight  of. 

Certainly  80  per  cent  or  more  of  all  serofibrinous  pleurisies  have  a  tuberculous 
basis.  In  the  20  per  cent  (or  less)  that  are  non-tuberculous,  any  one  of  several 
varieties  of  bacteria  may  be  responsible.  Most  often,  perhaps,  the  pneiunococciis 
is  found.  Streptococcus  and  staphylococcus  pleuritides  are  also  not  uncommon. 
More  rarely,  the  B.  typhosus,  the  B.  diphtheriae,  the  meningococcus,  Friedlander's 
bacillus,  or  other  bacteria  may  be  met  with. 

When  the  pleuritis  is  the  only  local  manifestation  of  the  infection  it  is  said  to 
be  "primary"  or  "idiopathic";  when,  however,  it  is  discoverably  due  to  propaga- 
tion from  an  inflammation  in  the  neighborhood  of  the  pleura,  or  to  metastatic 
deposition  in  the  pleura  of  bacteria  brought  by  the  blood  current  from  some 
distant  focus  of  infection,  it  is  said  to  be  "secondary."  In  the  last  analysis,  we 
must  believe  that  all  pleuritides  are  secondary;  we  call  them  "primary"  only  when 
we  cannot  discover  the  mode  of  infection  of  the  pleura. 

Symptoms  and  Signs. — In  some  instances,  the  onset  is  acute,  with  stitch 
in  the  side,  chill,  fever,  tachycardia   and  dyspnea ;  in  other  instances, 
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the  onset  may  be  insidious,  the  patient  complaining  of  nothing  but  a  little 
shortness  of  breath,  though  physical  examination  may  reveal  the  presence 
of  a  pleural  effusion  of  considerable  size. 

The  GENERAL  SYMPTOMS  may  or  may  not  be  pronounced.  The  fever  is 
rarely  high;  it  may  be  continuous  or  remittent,  and  the  temperature 
usually  falls  by  lysis.  Sometimes,  especially  in  the  aged,  there  may  be  no 
fever  at  all.  When  fever  is  present,  the  axillary  temperature  may  be  a 
little  higher  on  the  affected  than  on  the  healthy  side. 

The  most  constant  general  symptom  is  pain.  It  is  sometimes  severe 
at  the  beginning,  and  is  increased  by  any  movement,  but  especially  by 
attempts  at  deep  inspiration,  by  coughing,  or  by  sneezing.  The  pain  is 
usually  referred  to  the  side  or  the  back  of  the  thorax,  though  it  may  radiate 
into  the  shoulders  and  arms,  or  into  the  abdomen.  The  pain  may  errone- 
ously be  thought  to  be  due  to  intercostal  neuralgia,  to  muscular  rheuma- 
tism, or  to  an  acute  surgical  condition  within  the  abdomen.  As  the 
effusion  develops,  the  pain  may  disappear. 

If  cough  or  sputum  be  present,  we  must  blame  an  accompanying 
bronchitis  rather  than  the  pleuritis  itself.  Chills  may  occur.  Sweats  are 
common,  especially  during  remissions  of  the  fever.  Digestive  disturb- 
ances, including  anorexia,  nausea,  and  vomiting  are  frequently  present 
As  the  effusion  develops,  the  output  of  urine  is  diminished  (oliguria); 
during  convalescence,  as  the  exudate  is  absorbed,  there  is  often  polyuria. 
The  urine  may  contain  a  trace  of  protein  and  a  few  casts,  owing  to  an 
accompanying  toxic  nephropathy.  During  an  attack  of  pleurisy,  the 
patient  may  grow  very  weak,  and  may  suffer  a  considerable  loss  in  body- 
weight. 

The  LOCAL  SYMPTOMS  are  those  upon  which  the  diagnosis  depends. 
On  inspection,  the  posture  of  the  patient  may  give  a  clew;  the  patient's 
tendency  is  to  lie  on  the  side  affected,  rather  than  on  his  back,  assuming  a 
"diagonal"  lateral  position  so  as  to  give  more  freedom  for  expansion  of 
the  lung  of  the  healthy  side.  When  the  effusion  is  large,  there  may  be 
orthopnea,  and  the  sitting  posture  is  assumed;  if  it  be  small,  the  dorsal 
decubitus  may  be  comfortable.  Now  and  then,  there  is  an  exception  to 
the  general  rule  and  the  patient  insists  on  lying  on  the  healthy  side,  assert- 
ing that  this  position  is  the  least  painful.  While  the  effusion  is  being 
formed  there  is  some  enlargement  of  the  whole  half  of  the  thorax  on 
the  side  affected,  the  bulging  being  most  marked  in  the  region  of  the  fluid. 
The  scapula  of  the  diseased  side  stands  a  little  high  and  there  is  a  little 
lateral  curvature  of  the  spine  with  concavity  toward  the  healthy  side.  The 
skin  over  the  region  of  the  effusion  may  be  slightly  turgid.  On  inspira- 
tion, there  is  visible  lagging  on  the  diseased  side  and  the  expansion  is  less; 
the  lagging  is  noticeable,  also,  at  the  beginning  of  expiration.  The  inter- 
costal spaces  are  widened  on  the  diseased  side;  they  may  retract  slightly 
on  inspiration.     Litten's  phenomenon  is  absent     The  veins  of  the  necl: 
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are  overfull,  and  the  apex  beat  of  the  heart,  if  visibloj  can  be  seen  to  be 
displaced  toward  the  side  opposite  the  effusion. 

On  palpation,  the  vocal  fremitus  will  be  found  to  be  absent,  or  greatly 
diminished,  over  an  effusion;  just  above  the  level  of  the  fluid,  it  may  be 
exaggerated  owing  to  the  proximity  of  compressed  lung;  still  higher,  it 
may  be  normal.  In  testing  the  vocal  fremitus  in  a  woman,  we  ask  her  to 
pitch  her  voice  low  when  counting  "one,  two,  three"  or  saying  "ninety- 
nine,"  since  the  fremitus  is  most  marked  when  the  pitch  of  the  voice  corre- 
sponds to  the  Eigenfon  of  the  lung  (F.  v.  MUller).  It  should  be  remem- 
bered that  in  emphysema,  and  in  old  people  with  rigid  thorax,  the  vocal 
fremitus  is  often  indistinct  even  when  the  pleurae  are  normal.  Should  the 
pleura  become  thickened,  the  vocal  fremitus  may  remain  absent  or  feeble 
even  after  the  absorption  of  the  effusion. 

Dislocation  of  the  heart  to  the  right  or  to  the  left  by  an  effusion  in  a 
pleural  cavity  can  often  be  suspected  through  determination  of  the  position 
of  the  apex  beat  by  palpation. 

On  percussion,  if  the  effusion  reach  any  considerable  size  (say  400-600 
CO.),  dullness  or  flatness,  with  total  absence  of  tympany,  can  be  made  out 
over  it.  The  upper  limit  of  flatness  (light  percussion)  and  increased  re- 
sistance on  percussion  assumes  a  typical  curved  form  (except  when  the 
effusion  is  so  large  as  to  cause  dullness  over  the  whole  side  from  base  almost 
to  apex).  Thus,  in  medium-sized  effusions,  the  upper  limit  of  dullness 
extends  from  the  spine  upward  and  lateralward  to  reach  its  highest  level 
in  the  posterior  axillary  line,  whence  it  curves  downward  and  forward 
toward  the  middle  line  in  front  (Ellis'  line,  Damoiseau's  curve).  Some- 
times the  line  takes  the  form  of  a  letter  S  turned  on  its  side. 

In  the  lower  back,  close  to  the  spine  on  the  healthy  side,  there  is  a 
triangular  area  of  relative  dullness  with  base  below  and  apex  in  the  spinp 
above  the  level  of  the  effusion.  This  is  knovni  as  the  paravertebral  tri- 
angle of  dullness  {Grocco's  triangle,  v.  Koranyi's  triangle).  Authors  vary 
in  their  explanations  of  the  origin  of  this  dullness,  but  the  evidence,  seems 
to  favor  the  view  that  it  is  due  to  dislocation  of  the  posterior  inferior 
mediastinum  and  compression  of  the  healthy  lung.  The  sign  is  of  some 
value  in  the  differential  diagnosis  of  pleural  effusion  from  pneumonia,  of 
the  lower  lobe. 

In  the  lower  back,  close  to  the  spine  on  the  diseased  side,  there  cai^^  be 
demonstrated  a  triangular  area  of  relative  resonance  after  the  patient  has 
coughed  and  breathed  deeply;  the  apex  of  the  triangle  is  below  and  the 
base  above  {Garland's  triangle).  The  note  is  not  perfectly  clear  owing 
to  the  fact  that  the  lung  is  compressed  and,  besides,  there  may  be  a  very 
thin  layer  of  fluid  over  it  (Sahli),  but  it  is  relatively  clear  in  contrast  with 
the  flat  note  lateral  from  it  (below  Ellis'  line).  Garland's  triangle  is 
not  present  when  the  exudate  is  large.  In  lobar  pneumonia  such  a  tri- 
angle of  relative  resonance  near  the  spine  is  never  met  with. ' 
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Dullness  or  flatness  on  light  percnssion  in  the  upper  part  of  Traube's 
seinilunar  space  is  an  important  diagnostic  sign  of  beginning  accumula- 
tion of  fluid  in  the  left  pleural  cavity.  On  the  right  side,  dullness  due  to 
effusion  may  All  np  the  cardiohcpatic  angle  and,  on  superficial  examina- 
tion, mislead  the  physician  into  thinking  it  is  due  either  to  an  effusion 
into  the  pericardial  cavity,  or  to  a  dilatation  of  the  right  side  of  the 
heart. 

The  upper  limit  of  dullness  due  to  pleural  effusion  changes  a  little  on 
deep  inspiration,  and  on  change  of  posture,  unless  it  be  encapsulated ;  the 
change  ia  rarely  great,  however. 

One  striking  feature  on  more  forcible  percussion  over  an  effusion  de- 
serves especial  mention,  namely,  the  increasing  intensity  of  tiie  dullness 
(flatness)  and  of  the  feeling  of  resistance  on  percussing  from  above  down- 
ward; on  immediate  percussion  with  the  finger  tips,  the  increased  feeling 
of  resistance  may  be  most  easily  experienced. 

On  percussing  over  the  lung  just  above  the  upper  level  of  the  effusion, 
a  zone  of  loud  tympanitic  resonance  is  met  with  (Skodaic  resonance).  If 
an  effusion  is  large,  Skoda's  resonance  may  l>e  elicitable  in  the  infra- 
clavicular region,  owing  to  the  relaxation  of  the  lung.  Sometimes  the 
pitch  changes  with  the  phases  of  respiration  (Williams'  "tracheal  tone"), 
or  on  strong  percussion  a  "cracked-pot  sound"  may  come  out. 


DISEASES   OF   THE   PLEURA  659 

When  the  effusion  is  on  the  right  side,  the  lower  edge  of  the  liver  may 
be  found,  on  percussion^  to  lie  lower  than  the  costal  margin. 

Changes  in  the  size  of  an  exudate  during  absorption  are  best  followed 
by  mensuration  with  a  tape,  rather  than  by  percussion  (Staehelin).  Four 
measurements  should  be  carefully  made,  namely,  that  of  each  half  of  the 
thorax  above  the  nipple  and  also  at  the  level  of  the  xiphoid.  As  an  effu- 
sion diminishes  in  size,  both  halves  of  the  thorax  grow  smaUer,  but  the 
reduction  is  much  more  marked  on  the  side  of  the  effusion.  In  the  late 
stages  of  a  pleuritis,  the  dimensions  of  the  diseased  side  may  be  less  than 
those  of  the  healthy  side,  owing  to  retraction  of  the  thorax. 

On  auscultation,  a  friction-rub  may  be  audible  at  the  very  beginning; 
even  after  an  effusion  has  developed,  a  rub  may  be  audible  near  its  upper 
limit;  as  the  fluid  becomes  reabsorbed  a  rub  may  become  audible  at  the 
former  site  of  an  effusion  as  soon  as  the  visceral  and  parietal  layers  of 
the  pleura  again  come  into  contact. 

Over  an  effusion  the  breath  sounds  may  be  diminished  or  entirely 
absent  according  to  the  thickness  of  the  layer  of  fluid.  Occasionally,  dis- 
tant bronchial  breathing,  bronchophony,  and  rales  are  audible  through  an 
effusion,  especially  in  children.  On  the  healthy  side,  the  breath  sounds 
may  be  exaggerated  owing  to  "vicarious  emphysema."  The  voice  sounds 
are  usually  distant  behind  an  effusion;  as  an  effusion  is  developing,  a 
strange,  high-pitched,  bleating  or  nasal  quality  may  characterize  the  voice 
sounds  auscultated  at  the  upper  margin  of  the  effusion  (egophony).  It 
has  been  asserted  that  the  whispered  voice  grows  ever  less  distinct  as  an 
exudate  grows  richer  in  cells  (Baccelli's  sign  of  empyema)  ;  but  the  sign 
is  notoriously  unreliable,  and  it  is  better  to  study  the  cell  count  of  fluid 
obtained  by  exploratory  puncture. 

It  is  nearly  always,  if  not  always,  advisable  to  make  an  exploratory 
puncture  when  pleuritis  with  effusion  is  either  known,  or  suspected,  to 
exist  The  chemical,  bacteriological,  serological,  and  cytological  methods 
of  studying  the  fluid  obtained  are  described  in  the  section  on  Exploratory 
Punctures  (q^v.). 

On  rontgenoscopy,  it  is  sometimes  possible  to  discover  small  pleural 
effusions  not  demonstrable  by  percussion.  If  the  effusion  be  confined  to 
the  pleural  sinus,  it  is  necessary  carefully  to  adjust  the  tube  and  the 
direction  of  the  transillumination  if  the  shadow  is  to  be  discovered.  It  is 
best  to  have  the  patient  assume  a  sitting  or  a  standing  posture,  if  he  be  not 
too  ill.  In  larger  effusions,  the  shadow  is  seen  to  be  highest  in  the  lateral 
part  of  the  thorax  and  lowest  and  most  intense  near  the  spine  behind  and 
near  the  sternum  in  front.  The  upper  limit  of  an  effusion  appears  in  the 
rontgenogram  as  an  indistinct  concave  border  to  the  shadow,  very  differ- 
ent from  the  margin  of  a  pneumonic  infiltration  or  of  a  tumor. 

The  dislocations  of  the  organs  (heart,  mediastinum)  are  easily  visible 
fluoroscopically.    The  lung  area  on  the  healthy  side  may  be  less  clear  than 
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normal  if  an  eflfusion  be  large,  owing  partly  to  compression,  partly  to 
hyperemia.  When  the  effusion  is  small,  the  lung  on  the  affected  side  may 
be  unusually  clear  owing  to  "vicarious  emphysema/' 

Several  atypical  fokms  of  serofibrinous  pleurisy  must  be  mentioned, 
including  (1)  the  diaphragmatic  form,  (2)  the  interlobar  form,  (3)  the 
mediastinal  form,  and  (4)  the  pleurisy  that  is  a  part  of  a  polyserositis. 

In  diaphragmatic  pleurisy  with  serofibrinous  effusion,  the  fluid  ac- 
cumulates between  the  lower  surface  of  the  lung  and  the  diaphragm.  The 
symptoms  at  onset  resemble  those  of  dry  pleurisy  in  this  situation.  (See 
Pleuritis  sicca.)  On  x-ray  examination,  the  shadow  due  to  the  effusion 
may  be  visible. 

In  interlobar  pleurisy  with  serofibrinous  effusion,  the  fluid  may  be 
poured  out  in  the  cleft  between  two  lobes,  and,  owing  to  adhesions,  be 
prevented  from  reaching  the  general  pleural  cavity.  A  zone  of  dullness 
varying  in  width  with  the  volume  of  the  effusion  can  be  made  out  on  the 
surface  of  the  chest  in  regions  corresponding  to  the  junctions  of  the  lobes. 
There  may  be  Skodaic  resonance  above  and  below  the  narrow  zone  of 
dullness,  owing  to  relaxation  (or  compression)  of  the  adjacent  lung  tissua 
The  breath  sounds  are  feeble  over  the  zone  of  dullness,  whereas  above  and 
below  it  the  breathing  may  be  almost  bronchial  in  type.  Moist  rales  may 
be  audible  in  the  adjacent  lung.  The  condition  may  be  mistaken  for 
tumor  of  the  lung,  pneumonic  infiltration,  lung  abscess,  or  interlobar 
empyema.  The  rontgenograra  is  of  great  aid  in  distinguishing  an  inter- 
lobar effusion  from  tumor  or  pneumonia,  as  is  also  exploratory  puncture 
with  a  long  needle  in  the  axillary  line  over  the  zone  of  dullness ;  the  latter 
will  also  differentiate  between  a  serofibrinous  and  a  purulent  exudate. 
(See  Interlobar  Empyema.)  Occasionally,  an  interlobar  exudate  breaks 
through  into  the  general  pleural  cavity  at  one  end  of  an  interlobar  cleft, 
but  remains  circumscribed  there,  owing  to  adhesions  in  the  neighborhood; 
in  this  way  arises  the  so-called^^shirt-stud-shaped  effusion"  of  Sabourin. 

In  mediastinal  pleurisy  with  serofibrinous  effusion,  the  fluid  collects 
between  the  mediastinal  and  the  pulmonary  pleura  and  recognition  may 
be  very  difficult  It  may  be  located  in  the  anterior  or  in  the  posterior 
region  of  the  chest,  on  either  the  right  or  the  left  side.  Good  accounts 
of  this  form  of  pleuritis  will  be  found  in  the  articles  of  Frick  and  of 
Savy. 

In  serofibrinous  pleurisy  as  a  part  of  a  polyserositis,  there  may  be 
fluid  also  in  the  pericardial  cavity,  in  the  peritoneal  cavity,  or  in  both. 
Such  a  polyserositis  is  most  often  tuberculous,  but  a  non-tuberculous  fonn 
does  occur.     (See  also  Pick's  Syndrome.) 

Diagnosis. — The  local  signs  of  pleurisy  with  effusion  are  very  characte^ 
istic.  (See  above.)  A  serofibrinous  exudate  can  be  distinguished  from 
(1)  the  purulent  exudate  of  an  empyema,  and  (2)  from  the  transudate  of 
a  hydrothorax,  by  study  of  the  fluid  obtained  by  exploratory  puncture;  the 
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etiological  diagnosis  can  also  often  be  made  from  the  study  of  this  fluid, 
and  from  the  study  of  the  body  as  a  whole. 

In  the  dirferential  diagnosis,  we  must  also  rule  out  (3)  pneumonia 
(vocal  fremitus  usually  increased,  topography  of  dullness  and  its  slightly 
tympanitic  character,  crepitant  rales,  no  marked  dislocation  of  adjacent 
organs,  "dry  tap,"  rontgenogram ;  sometimes  a  pneumonia  and  a  pleurisy 
with  effusion  coexist)  ;  and  (4)  pleural  thickening.     (See  below.) 

with  SerohemorrhaiSc  Eftuaioii 


The  local  signs  are  like  those  of  pleurisy  with  serofibrinous  effusion. 
On  exploratory  puncture,  the  serohemorrhagic  character  is  discovered. 
Such  an  exudate  points  nearly  always  to  either  a  tuberculous  or  a  neo- 
plastic etiology,  just  as  do  chylous  and  pseudochylous  pleural  exudates. 
In  rare  instances,  we  may  meet  with  a  serohemorrhagic  exudate  in  pneu- 
mococcus  pleuritis  or  in  a  pleurisy  from  any  cause  occurring  in  association 
with  a  hemorrhagic  diathesis. 

iii.    Plemrisy  with  Pumlent  Exudate 

(Pleuritis  pwrulenta,  Pleuritis  suppurativa.  Empyema  pleurae) 

Etiology. — ^Pleuritis  with  purulent  exudate  is  usually  secondary  to  lobar 
pneumonia  (pneumococcus  infection)  or  to  pulmonary  phthisis  (tubercu- 
lous infection)  ;  sometimes,  especially  in  children,  it  is  secondary  to  a 
bronchopneumonia  due  to  streptococcus  infection.  In  the  careful  studies 
by  Dr.  F.  T.  Lord  of  Boston  of  the  pus  from  empyema  cases,  the  pneu- 
mococcus was  found  to  be  the  cause  in  39.4  per  cent,  the  streptococcus  in 
20.4  per  cent,  the  staphylococcus  in  3.6  per  cent,  and  mixed  infections  in 
16  per  cent;  in  18.2  per  cent  the  pus  was  sterile.  When  no  bacteria  grow 
on  media  suitable  for  the  pneumococcus  and  for  ordinary  pyogenic  organ- 
isms, the  etiological  agent  may  have  been  the  B.  tuberculosis  (guinea-pig 
inoculation),  or  an  anaerobic  organism  (see  Putrid  Empyema)  ;  or  a 
pneumococcus  may  have  been  present  and  been  killed  off  before  the  culture 
was  made. 

Symptoms  and  Signs. — Empyema  pleurae  is  always  the  result  of  a 
severe  infection;  either  the  microorganism  causing  the  pleuritis  is  espe- 
cially virulent  or  the  patient's  resistance  is  low,  or  both  conditions  simul- 
taneously obtain.  The  severity  of  the  general  symptoms  is  further 
dependent  upon  the  absorption  of  the  disintegrating  leukocytes  of  the  pus 
shut  up  in  the  pleural  cavity.  It  is  very  important  to  distinguish  clini- 
cally between  a  purulent  and  a  nonpurulent  effpsion  in  cases  of  pleuritis, 
for,  in  empyema,  the  pus  cavity  should  be  promptly  evacuated,  and  pro- 
vision made  for  thorough  drainage. 

The  GENEKAL  SYMPTOMS  may  be  so  severe  as  to  excite  suspicion  of  a 
purulent  exudate.     Intermittent  fever,  tachycardia^  sweats,  and  chilly 
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sensations  are  common,  and  there  are  often  repeated  severe  chills.  The 
patients  grow  rapidly  pale  and  begin  to  emaciate.  There  is  usually  an 
outapolten  hyperleukocytoaia  with  marked  relative  increase  in.  the  poly- 
morphonuclear neutropjiils  in  the  blood.  It  should  be  remembered,  ho\r- 
ever,  that  in  children,  in  the  aged,  and  in  decrepit  patients  of  any  age,  the 
onset  of  empyema  may  be  insidious  and  without  syiiiptoms  directing  the 
physician's  attention  to  the  respiratory  apparatus;  in  such  cases,  the 
thorough  routine  examination  alone  saves  the  clinician  from  overlookiug 
the  important  local  physical  signs. 

On  PHYSiCAi.  EXAMINATION,  the  findings,  except  on  exploratory  punc- 
ture, may  be  indistinguishable  from  those  described  above  for  pleurisy 


Fig.   179. — PUurliy  and  I^pyemt.     (X-rajr  Dept.,  J.  H.  B.) 

with  serofibrinouB  effusion  (17,  v.).  Occasionally,  there  is  edema  of  tiie 
wall  of  the  chest  opposite  the  exudate,  or  a  pulsating  bulging  (empyema 
puhans)  may  be  visible,  the  latter  when  it  occurs  being  almost  always  on 
the  left  side.  An  evcapsulatcd  empyema,  or  an  interlobar  empyema,  may 
be  small  and  yield  but  few  physical  sif^iia ;  here,  a  rontgenogram  is  of  the 
greatest  help  in  the  recognition  of  the  exact  position  and  size  of  the 
exudate,  and  gives  us  the  clew  to  the  proper  site  for  exploratory  puncture. 
The  same  is  true  of  diaphragmatic  and  of  mediastinal  empyema.     In  the 
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rontgenogram  the  "hanging  shadow"  extending  from  the  region'^of  one 
shoulder  toward  the  heart  is  characteristic  of  interlobar  exudate. 

Bilateral  empyema  is  rare,  but  does  occasionally  occur. 

Empyema  in  connection  with  pneumonia  (see  Gerhardt's  studies)  may 
either  accompany  the  pneumonic  process  {parapneumonic  empyema)  y  or 
it  may  be  a  sequel  to  it  {metapneumonic  empyema), 

A  tuberculous  empyema  is  usually  secondary  to  pulmonary  tubercu- 
losis, but  it  may  be  met  with  as  a  complication  of  caries  of  a  rib  or  of  the 
spine.  It  is  very  often  accompanied  by  pneumothorax  {pyopneumo- 
thorax). 

Empyema  should  be  suspected  whenever  in  the  course  of  pneumonia  there  is  a 
change  in  the  patient's  condition  with  appearance  of  a  paroxysmal,  non-produc- 
tive cough,  chills,  sweats  and  a  more  remittent  type  of  fever.  The  physical  signs 
may  readily  permit  one  to  localize  the  purulent  accumulation;  but  in  interlobar 
or  other  encapsulated  forms  the  diagnosis  is  often  difficult.  Exploratory  puncture 
should  be  resorted  to  early.  Rontgenograms  may  yield  valuable  information.  Fre- 
quently, however,  the  condition  is  first  thought  of  when,  at  the  end  of  the  usual 
duration  of  the  pneumonia,  the  fever  and  leukocytosis  persist.  Delayed  resolution 
explains  a  number  of  such  cases,  but  this  diagnosis  should  never  be  made  until 
every  effort  has  been  put  forth  conclusively  to  rule  out  the  possibility  of  an  empy- 
ema or  of  a  tuberculous  pneumonia. 

It  is  a  great  pity  that  an  empyema  should  ever  be  overlooked,  for  it  is 
rare  that  the  pus  undergoes  spontaneous  absorption,  except  in  the  para- 
pneumonic form,  and  occasionally  in  the  empyemas  of  children.  It  is  not 
uncommon  to  receive  in  hospitals  patients  that  have  had  an  undetected 
empyema  for  weeks,  and  who,  through  the  long^jontinued  infection  and 
high  fever,  have  become  extremely  prostrated  and  emaciated.  Such  pa- 
tients may  have  already  suflFered  general  amyloid  change  (spleen,  kid- 
neys, intestines)  ;  some  of  them  have  metastatic  infections  (arthritis, 
endocarditis,  meningitis,  brain  abscess).  Occasionally,  the  pus  breaks 
through  the  wall  of  the  pleural  cavity,  either  into  the  lung,  or  through  the 
wall  of  the  chest  (empyema  necessitatis)  ;  in  rare  instances,  there  may  be 
perforation  into  the  pericardial  cavity,  the  mediastinum,  the  esophagus, 
the  trachea,  or  a  large  blood  vessel. 

Diagnosis. — ^As  soon  as  signs  of  effusion  into  the  pleural  cavity  have 
been  discovered,  an  exploratory  puncture  should  be  made,  even  though  one 
may  believe  the  exudate  to  be  non-purulent.  In  obscure  infections,  the 
possibility  of  a  small  empyema  should  be  kept  in  mind,  even  in  the  ab- 
sence of  symptoms  referable  to  the  chest;  a  rontgenogram  of  the  whole 
chest  may  reveal  an  encapsulated  effusion,  an  interlobar,  a  supradia- 
phragmatic, or  a  mediastinal  shadow. 

In  casesf  of  pneumonia  and  of  pulmonary  tuberculosis,  the  possibility 
of  empyema,  either  as  a  complication  or  as  a  sequel,  should  be  thought  of. 

Wh^n  a  pleural  effusion  has  been  shown  to  be  serofibrinous,  it  should 
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be  remembered  that  it  may  become  purulent  later,  and,  also,  that  a  pleu- 
ritis  may  have  a  serous  exudate  in  one  region  and  a  purulent  exudate  in 
another. 

I  have  been  astonished  to  find  how  often  diagnosis  is  delayed  through 
failure  to  make  exploratory  puncture  with  a  long  needle  of  wide  lumen. 
It  is  well  to  keep  a  vacuum  in  the  syringe  during  withdrawal  of  the 
needle,  and,  after  withdrawal,  to  drive  any  droplet  of  fluid  out  of  the 
needle  for  examination  for  pus.  A  single  "dry  tap"  by  no  means  excludes 
empyema.  When  negative,  repeated  puncture  at  several  sites  may  be 
necessary  before  a  conclusion  that  there  is  no  empyema  is  warranted. 

In  the  differential  diagnosis  from  conditions  simulating  empyema, 
great  difficulties  are  sometimes  encountered.  Even  the  most  experienced 
consultant  may  at  times  be  at  a  loss  to  distinguish  a  mediastinal  empy- 
ema from  other  mediastinal  masseSy  a  diaphragmatic  empyema  from  a  sub- 
phrenic  abscess^  an  interlobar  empyema  from  a  lung  tumofy  or  an  encap- 
sulated empyema  from  a  pulmonary  abscess  extending  to  the  surface  of  the 
lung.  If,  however,  the  anamnesis  be  carefully  considered,  a  thorough 
general  physical  examination  be  made,  the  leukocytes  counted,  an  explora- 
tory puncture  done,  and  rontgenograms  utilized,  there  should  be  but  few 
errors,  either  of  omission  or  commission,  made. 

iy.    Pleurisy  with  Putrid  Exudate 

(Putrid  Empyema,  Fetid  Pleurisy,  Ozenous  Pleuritis,  Gangrenous 

Empyema) 

Etiology. — The  foul  odor  is  due  to  the  presence  of  putrefactive  bacteria; 
these  are  nearly  always,  if  not  always,  anaerobic. 

A  putrid  empyema  may  follow  pulmonary  gangrene,  putrid  bronchitis, 
or  bronchiectasis.  Or  it  may  be  due  to  some  perforative  lesion  of  the 
esophagus  or  to  extension  from  a  subphrenic  process. 

Symptomatology. — The  patients  deteriorate  more  rapidly  than  in  non- 
putrid  empyema.  They  emaciate  quickly  and  look  badly;  the  pulse  is 
small  and  frequent,  there  is  complete  anorexia  and  the  prostration  may  be 
extreme. 

On  exploratory  puncture,  the  punctate  yields  a  putrid  odor,  and  on 
this  the  diagnosis  depends.  Sometimes  gas  develops.  (See  Pyopneumo- 
thorax). 

(c)    Pleural  Thickening 

(Pleuritis  chronica  productiva) 

Definition. — A  chronic  inflammation  of  the  pleura  with  formation  of 
new  fibrous  tissue  and  with  adhesions  between  the  two  layers.  There  may 
be  (1)  obliteration  of  a  whole  pleural  cavity  on  one  side  with  retraction 
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of  the  thorax,  (2)  partial  but  extensive  obliteration,  or  (3)  circumscribed 
adhesions. 

Etiology. — Delicate  pleural  adhesions  and  slight  thickening  may  follow 
simple  pleurisies,  but  great  thickenings  are  most  often  due  to  tuber- 
culous pleurisy. 

Symptoms  and  Signs. — The  patients  may  be  slightly  cyanotic,  and  they 
often  show  dyspnea  on  exertion.  In  obliteration  of  one  pleural  cavity 
with  retraction  of  the  thorax  {retrecissement  thoracique)j  one  side  of  the 
chest  is  narrower  and  shorter  than  the  other,  there  is  scoliosis  with  con- 
cavity toward  the  shrunken  side,  the  shoulder  is  lower  than  its  fellow 
(as  is  also  the  nipple),  and  the  intercostal  spaces  are  narrowed.  There 
is  diminished  expansion,  dullness  on  percussion,  and  enfeeblement  of 
breath  and  voice  sounds  and  of  vocal  fremitus.  Litten's  phenomenon  is 
absent  As  the  side  becomes  shrunken,  the  mediastinum  and  the  heart 
are  drawn  over.  If  there  be  much  thickening,  an  exploratory  needle  meets 
characteristic  resistance  and  may  have  to  be  shoved  through  a  thick  layer 
of  tough  fibrous  tissue  before  the  resistance  is  overcome  (Rosenbach's 
"palpatory  puncture"). 

On  x-ray  examination,  the  whole  lung  area  is  darker  than  normal,  the 
dislocation  of  the  heart  and  mediastinum  is  obvious,  and  the  changes  in 
the  form  of  the  bony  thorax  are  visible.  More  circumscribed  pleural 
thickenings  may  be  recognizable  as  broad  shadows  or  as  cords.  These 
may  be  difficult  to  distinguish  from  exudates  unless  it  be  remembered 
that  when  a  pleural  thickening  is  close  to  the  rontgenoscopic  screen  or 
the  x-ray  plate,  the  shadow  is  deeper  than  when  the  examination  is  made 
in  the  opposite  direction,  whereas  with  exudates,  the  difference  does  not 
exist  at  all  or  is  only  very  slight. 

When  a  pleural  thickening  is  calcified,  remarkable  x-ray  pictures  are 
obtained  (circular  or  radiating  shadows).  Adhesions  to  the  diaphragm 
are  often  exquisitely  demonstrable  by  the  x-ray.  A  plate  exposed  on  deep 
inspiration  shows  the  distortion  of  the  upper  surface  of  the  diaphragm 
at  the  point  of  adhesion.  When  patients  complain  of  pain  on  deep  inspira- 
tion, especially  with  change  of  weather,  pleural  adhesions  should  be  sus- 
pected; even  if  a  rontgenogram  be  negative,  one  should  insist  upon 
thorough  rontgenoscopy  in  different  directions  before  ruling  out  pleural 
adhesions ;  many  supposed  simulants  have,  in  reality,  adhesions. 
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2.    Circulatory  Disturbances  Involving  the  Pleura 

Under  this  heading  are  included  (a)  hydrothorax,  (b)  hemothorax, 
and  (c)  chylothorax. 

(a)    Hydrothorax 

Definition. — A  collection  of  thin,  clear,  yellowish  fluid,  poor  in  cells,  in 
the  pleural  cavity — a  transudate,  not  an  inflammatory  exudate. 

Etiology. — Hydrothorax  is  most  often  secondary  to  the  general  circula- 
tory disturbance  of  cardiac  or  renal  disease,  being  a  part  of  a  general 
dropsy  or  anasarca,  but  occasionally  it  is  due  to  local  obstructions  to  the 
circulation  of  the  blood  or  lymph  from  the  pressure  of  tumors  or  of 
enlarged  mediastinal  or  bronchopulmonary  lymph  glands.  Often  bilateral 
(as  in  general  anasarca),  it  may,  when  due  to  dilatation  of  the  right  heart 
and  pressure  upon  the  azygos  vein,  be  unilateral  (usually  right-sided), 
and  independent  of  general  hydrops. 

Symptoms  and  l^igns. — The  fluid  obtained  by  exploratory  puncture  has 
the  characters  of  a  transudate  (specific  gravity  usually  below  1.012,  no 
precipitate  with  3  per  cent  acetic  acid  in  the  cold)  rather  than  those  of 
an  exudate  (specific  gravity  usually  above  1.018).  (See  Exploratory 
Punctures.)  Fever  and  pain  are  usually  absent;  if  present,  they  are  not 
due  to  the  hydrothorax.  Dyspnea  is  a  prominent  symptom.  The  physical 
signs  are  those  of  pleural  effusion  (q.v.).  It  was  formerly  believed  that 
shifting  dullness  may  be  more  marked  in  hydrothorax  than  in  pleurisy 
with  effusion,  but  in  my  experience  this  has  not  been  so.  Small  amounts 
of  iodin,  or  of  KI,  given  by  mouth,  can,  it  is  said,  be  demonstrated  in 
transudates  but  not  in  exudates. 
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(b)  Hemothorax 

Definition. — ^An  accumulation  of  blood  in  one  pleural  cavity. 

Etiology. — Hemorrhages  into  the  pleural  cavity  occur  from  rupture  of 
an  aneurism,  from  erosion  of  intercostal  vessels  (tumor,  caries  of  rib), 
or  from  trauma ;  the  latter  is  by  far  the  most  common  cause  and  hemo- 
thorax is  accordingly  more  often  met  with  in  the  surgical  than  in  the 
medical  wards. 

Hemothorax  is  to  be  distinguished  from  a  hemorrhagic  pleuritic  effu- 
sion, which,  as  has  already  been  pointed  out,  most  often  points  to  a 
tuberculous  pleuritis,  occasionally  to  a  carcinoma,  now  and  then  to  a 
pyogenic  pleuritis  (pneumococcus),  or  to  a  hemorrhagic  diathesis. 

Symptomatology. — In  addition  to  the  ordinary  signs  of  a  rapidly  de- 
veloping effusion,  pressure  symptoms  may  appear,  with  increasing  dyspnea 
and  dislocation  of  the  heart  and  of  the  mediastinum.  There  are  also  signs 
of  anemia  due  to  internal  hemorrhage  (pallor,  tachycardia,  sweating,  syn- 
cope) ;  fever  is  usually  present  after  the  first  or  second  day.  The 
physical  signs  are,  of  course,  like  those  of  pleural  effusion,  but  an  explora- 
tory puncture  reveals  blood,  and  it  is  interesting  that  the  blood  shows, 
as  a  rule,  no  tendency  to  coagulate,  owing,  perhaps,  to  a  change  that 
fibrinogen  undergoes  when  it  comes  into  contact  with  the  endothelial  cover- 
ing of  the  pleura. 
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(c)  Chylothorax 

Definition. — An  accumulation  of  a  milky  fluid  in  the  pleural  cavity. 
The  fluid  may  consist  of  pure  chyle  {chylothorax  proper)^  or  of  a  serous 
or  serofibrinous  fluid  containing  fat  droplets  not  derived  from  the  lymph 
channels  {pseudochylous  effusion). 

Etiology. — Chylothorax  proper  depends  upon  a  break  in  the  continuity 
of  the  thoracic  duct  with  escape  of  its  chyle;  the  lesion  may  be  due  to 
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trauma,  to  carcinoma  of  the  pleura,  to  thrombosis  of  the  left  subclavian 
vein,  to  compression  of  the  thoracic  duct  by  tumors  or  enlarged  glands, 
or  to  blocking  of  the  duct  by  a  parasite. 

Pseudochylous  effusions  are  pleural  exudates  (due  usually  either  to 
tuberculosis  or  to  carcinoma)  in  which  the  fluid  becomes  milky  owing  to 
the  escape  of  fat  droplets  from  the  disintegrating  cells  (endothelium, 
leukocytes). 

Symptomatology. — The  physical  signs  are  those  of  a  pleural  effusion. 
On  exploratory  puncture,  the  milkiness  of  the  fluid  indicates  either  a 
chylous  or  a  pseudochylous  nature.  Microscopic  examination  usually 
quickly  differentiates  between  the  two,  since  in  chylous  effusions  cells  are 
absent  and  the  fat  droplets  are  minute  and  equal  in  size,  while  in  pseudo- 
chylous effusions  many  cells  undergoing  fatty  degeneration  are  present  and 
the  free  fat  droplets  vary  in  size. 

If  the  fat  be  extracted,  it  will  be  found  to  be  present  in  large  amounts 
(up  to  10  per  cent)  in  true  chylothorax,  and  in  only  small  amounts 
(rarely  over  0.5  per  cent)  in  pseudochylous  effusions;  this  explains  why, 
when  allowed  to  stand,  a  thick  cream  rises  on  the  surface  of  a  chylous 
effusion,  whereas  only  a  thinner  layer  will  form  upon  a  pseudochylous  fluid. 
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3.    Gas  in  the  Pleural  Cavity;  Pneumothorax 

Under  this  heading,  we  have  to  consider  three  conditions:  (1)  pure 
pneumothorax,  in  which  there  is  gas  only  in  the  pleural  cavity;  (2)  sero- 
pneumothorax, in  which  besides  the  gas. there  is  serous  fluid  due  to  a 
complicating  pleuritis  serosa;  and  (3)  pyopneumothorax,  in  which  besides 
the  gas  there  is  pus,  due  to  an  associated  pleuritis  purulenta. 

When  the  gas  enters  through  the  external  wall  of  the  chest,  for  example, 
after  a  pleural  tapping,  or  during  a  surgical  operation  for  resection  of  a 
rib,  we  speak  of  an  external  pneumothorax ;  when  the  gas  enters  the  pleural 
cavity  from  the  lung  itself,  or  is  formed  in  the  pleural  cavity  as  a  result 
of  putrefaction,  we  speak  of  an  internal  pneumothorax.  When  the  per- 
foration in  the  wall  of  the  pleural  cavity  is  patent  during  both  inspira- 
tion and  expiration,  we  speak  of  an  open  pneumothorax;  if  the  opening 
become  closed  after  its  formation,   so  as  to  be  patent  neither  during 
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inspiration  nor  expiration,  we  speak  of  a  closed  pneumothorax ;  and  when 
the  perforation  is  patent  during  inspiration  but  is  wholly  or  partially 
closed  during  expiration,  as  is  commonly  the  case  in  spontaneous  pneumo- 
thorax, we  speak  of  a  valvular  pneumothorax  (see  below). 

Etiology. — From  80  to  90  per  cent  of  all  cases  of  pneumothorax  are  due 
to  pulmonary  tuberculosis,  the  rupture  of  the  lung  in  this  disease  occurring 
about  four  times  as  often  in  men  as  in  women.  In  the  remaining  10-20 
per  cent  of  the  cases,  pulmonary  gangrene,  empyema  pleurae,  trauma,  pul- 
monary abscess,  bronchiectasis  and  pulmonary  emphysema  are  most  often 
responsible.  Among  the  conditions  that  may  more  rarely  be  compli- 
cated by  pneumothorax  may  be  mentioned  thoracentesis,  pulmonary  in- 
farction, perforating  ulcer  of  the  stomach  or  esophagus,  echinococcus 
invasion,  subphrenic  abscess,  and  caries  of  a  rib  or  of  the  sternum. 

Since  the  method  of  treating  pulmonary  tuberculosis  by  injecting  air 
or  nitrogen  into  the  pleural  cavity  (artificial  pneumothorax)  has  come 
into  vogue,  much  new  light  has  been  thrown  upim  the  pathological  physi- 
ology of  pneumothorax  by  clinical  and  experimental  study. 

In  spontaneous  (internal)  pneumotliorax,  the  perforation  of  the  lung 
most  commonly  occurs  in  the  lower  part  of  the  upper  lobe ;  at  autopsy, 
the  perforation  is  usually  found  in  an  area  between  the  mammillary  and 
the  axillary  line  at  a  level  between  the  second  and  the  fourth  rib. 

In  seropneumothorax,  the  pleuritis  is  due  to  bacterial  infection;  in 
pyopneumothorax,  putrefactive  (anaerobic)  as  well  as  pyogenic  (aerobic) 
bacteria  are  present. 

Symptomatology. — ^Pneumothorax  usually  occurs  suddenly,  with  pain, 
dyspnea,  and  feeling  of  constriction ;  there  is  often  collapse  with  marked 
cyanosis.  In  the  stormiest  type,  death  may  occur  in  a  few  hours  or  even 
in  a  few  minutes  from  asphyxia.  More  often,  however,  the  phenomena  are 
less  severe ;  the  patient  feels  some  pain  in  his  chest  and  notices  that  he  has 
become  short  of  breath  without  apparent  cause.  In  a  few  instances,  the 
occurrence  of  pneumothorax  has  caused  no  symptoms  recognized  by  the 
phthisical  patient,  and  the  physician  has  found  the  signs  of  it  on  making 
one  of  his  regular  routine  examinations. 

t 

When  air  enters  the  pleural  cavity,  there  is  sudden  retraction  of  the  lung  to 
the  region  of  the  hilus,  exquisitely  demonstrable  by  the  x-ray.  The  heart  and 
the  whole  mediastinum  are  drawn  over  to  the  healthy  side  where  the  pleura  is  still 
imder  negative  pressure. 

In  open  pneumothorax  (rarely  seen)  the  internal  pressure  is  equal  to  the 
external  pressure;  respiration  is  ineffective  and  death  from  asphyxia  may  occur. 
In  closed  pneumothorax,  the  internal  pressure  mcreases  as  soon  as  an  inflam- 
matory exudate  develops;  here  there  is  less  danger  of  asphyxia  but  there  is  risk, 
as  in  exudative  pleuritis,  of  circulatory  disturbances.  In  so-called  valvular 
pneumothorax  (the  commonest  form),  air  enters  the  pleural  cavity  on  inspiration, 
but  cannot  get  out  during  expiration;  this  may  lead  to  extreme  distention  and  to 
clangerous  interference  with  the  circulation. 
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On  physical  e^mination,  the  affected  side  is  usually  distended  and 
immobile,  or  nearly  immobile,  on  respiration.  Litten's  phenomenon  is 
absent  on  the  affected  side.  The  apex  beat  of  the  heart  is  displaced 
toward  the  normal  side.  Vocal  fremitus  is  absent  or  greatly  enfeebled  on 
the  side  of  the  pneumothorax.  When  the  mediastinal  tissues  are  markedly 
dislocated,  the  larynx  and  trachea  may  also  be  palpably  displaced  in  the 
same  direction.  On  percussion  over  the  pneumothorax,  there  is  usually 
hyperresonance,  often  tympanitic  or  amphoric  in  quality;  the  per- 
cussion note  varies,  however,  markedly,  according  to  the  tension  of  the  gas 
in  the  pleural  cavity;  there  may  occasionally  be  actual  dullness  I  The 
coin  sound  {bruit  d'airain)  is  very  characteristic;  thus  on  listening  at 
the  back  of  the  chest,  while  an  assistant  taps  one  coin  on  another  in 
front,  a  distinct,  metallic,  echoing  sound  is  heard.  A  similar  metallic 
sound  can  be  heard  if  one  taps  on  a  pleximeter  with  the  end  of  a 
lead  pencil  or  with  the  handle  of  a  percussion  hammer.  The  sound 
is  sometimes  elicitable  only  when  certain  circumscribed  areas  are  thus 
percussed. 

If  fluid  or  pus  be  present  (seropneumothorax,  pyopneumothorax) 
there  is  dullness  bounded  by  a  horizontal  line  above,  and  the  dullness  shift- 
ing on  any  change  of  posture  is  found  still  to  be  horizontal,  in  contradis- 
tinction to  what  happens  in  simple  pleural  effusions  without  pneumothorax. 
On  shaking  the  patient,  a  metallic  splashing  sound  may  be  audible  (Hip- 
pocratic  succussion  splash).  Sometimes  the  sound  can  be  heard  at  some 
distance ;  a  patient  may  hear  such  a  sound  himself,  and  voluntarily  pro- 
duce it  by  shaking  his  trunk,  to  the  astonishment  of  bystanders.  In  such 
cases,  too,  the  metallic  sound  of  a  falling  drop  (gutta  cadens)  may  be 
audible.  When  the  lung  fistula  is  patent  and  lies  below  the  surface  of  the 
fluid  in  the  pleural  cavity,  a  gurgling  sound  like  that  due  to  gas  bubbles 
passing  through  fluid  may  be  heard ;  this  is  the  so-called  "water-whistle'* 
sound,  or  "fistular  murmur." 

On  auscultation  over  a  pneumothorax  the  breath  sounds  are  usually 
markedly  enfeebled  or  entirely  suppressed.  In  some  cases,  loud  amphoric 
breathing  may  be  audible. 

If  pneumothorax  be  suspected,  an  x-ray  examination  should,  if  possi- 
ble, be  made.  The  findings  in  the  lung  areas  in  complete  imilateral 
pneumothorax  are  very  characteristic.  There  is  abnormal  clearness  on  the 
affected  side ;  the  normal  lung  markings  are  absent ;  the  lung  is  retracted 
to  its  root.  The  diaphragm  stands  low,  though  it  may  be  normally  curved. 
The  displacement  of  the  cardiovascular  stripe  is  striking.  The  horizontal 
level  of  any  fluid  present  is  clearly  visible.  On  Hippocratic  succussion, 
waves  in  the  fluid  may  be  rontgenoscopically  observed.  On  rontgenoscopy, 
too,  a  so-called  "paradoxical  movement  of  the  diaphragm"  may  be  visible, 
the  diaphragmatic  shadow  moving  upward  on  inspiration  and  downward 
on  expiration  on  the  affected  side ;  since  the  opposite  occurs  on  the  normal 
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side  a  peculiar  "teeterlike"  or  "see-saw"  movement  of  the  two  halves  of 
the  diaphragm  is  observable. 

In  the  artificial  pneumothorax  used  in  the  treatment  of  chronic  pul- 
monary tuberculosis,  retraction  of  the  lung  mav  be  only  partial,  owing  t« 
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pleural  adhesions.  Spontaneous  partial  pneumothorax  is  not  an  uncommon 
finding  in  rontgenograms  of  phthisical  lungs. 

Diafi^nosis. — The  recognition  of  pdre  fneumothokax  is,  as  a  rule,  not 
difficult  if  the  possibility  of  its  existence  be  thought  of.  Too  often,  unless 
dyspnea  have  come  on  suddenly,  the  physician  fails  to  suspect  it.  This 
fact  emphasizes  again  the  importance  of  thorough  physical  examination 
of  the  chest  in  every  dyspneic  patient  The  physical  signs  are  usually 
characteristic  enough  if  the  physician  systematically  studies  them.  A  lag- 
png  side  on  respiration,  with  diminished  vocal  fremitus  and  enfeebled 
or  suppressed  breath  sounds,  even  without  much  change  in  the  note  on  pet^ 
cuBsion,  should  always  arouse  suspicion  and  lead  the  examiner  to  test 
the  coin  sound,  to  look  for  the  displacement  of  organs,  and  to  study  a 
rontgenogram  of  the  chest 

In  the  DIFFERENTIAL  DIAGNOSIS,  wB  must  distinguish  total  unilateral 
pneumothorax  (1)  from  unilateral  emphysema  (coin-test  negative,  x^ray 
decisive) ;  we  must  distinguish  partial  pneumothorax  (2)  from  diaphrag- 
matic hernia  (anamnesis,  auscultation,  rontgenogram) ;  (3)  from  gaseous 
distention  of  stomach  (passage  of  stomach  tube,  x-ray)  ;  and  (4)  from  an 
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intraptUmonary  cavity;  in  the  last  instance,  a  rontgenogram  may  be  in- 
conclusive, but  the  onset  of  pneumothorax  is  usually  sudden,  and  the  inter- 
costal spaces  opposite  it  bulge,  whereas  an  intrapulmonary  cavity  develops 
slowly  and  there  is  often  retraction  of  the  intercostal  spaces  over  it 
(Staehelin). 

In  SEEOPNEUMOTHORAX  the  diagnosis  is  very  easy  if  Hippocratic 
succussion  be  practiced,  and  if  the  x-ray  reveal  the  presence  of  fluid  with 
horizontal  level  below  the  gas.  To  distinguish  it  from  pyopneumothorax, 
exploratory  puncture  should  be  made  below  the  level  of  the  surface  of 
the  fluid.  Should  pus  be  found,  a  careful  bacterio-diagnostic  study  should 
follow,  since  the  therapy  of  tuberculous  pyopneumothorax  differs  from 
that  of  non-tuberculous  forms.  Even  in  the  tuberculous  form,  the  possi- 
bility of  a  mixed  infection  should  not  be  forgotten.  Occasionally,  an 
artificial  pure  pneumothorax  of  phthisicotherapeutie  origin  may  be  con- 
verted into  a  PYOPNEUMOTHORAX  through  secondary  infection,  or  through 
the  rupture  of  a  tuberculous  cavity  into  it.  When  the  pus  of  a  pyopneumo- 
thorax is  putrid,  anaerobic  bacilli  will  usually  be  demonstrable  in  it. 

Subphrenic  pyopneumothorax  may  clinically  resemble  a  partial  super- 
phrenic  pyopneumothorax.  It  is  due  to  the  collection  of  gas  below  the 
diaphragm  in  gaseous  subphrenic  abscesses,  or  to  rupture  of  the  stomach 
or  of  the  lower  end  of  the  esophagus  in  cancer.  Here  the  x-ray  plate  will 
differentiate,  since  in  the  subphrenic  cases  the  cavity  will  be  bounded 
above  by  the  shadow  of  the  diaphragm  (pushed  up  into  the  thorax); 
moreover,  Litten's  sign  may  still  be  present,  and,  sometimes,  the  punctate 
has  a  feculent  odor. 
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4«    Tumors  of  the  Pleura 

Primary  tumors  of  the  pleura  are  rare  (endothelial  cancer;  sarcoma).  Sec- 
ondary tumors  are  much  more  common,  especially  metastases  from  cancer  of  the 
breast,  lungs,  stomach,  esophagus,  or  thymus.  In  secondary  cancer  of  the  pleura, 
the  membrane  is  often  studded  over  with  nodules,  which  at  autopsy  remind  one 
of  tubercles;  the  condition  is  known  as  carcinosis  pleurae. 

Cancer  of  the  pleura  usually  develops  with  the  signs  of  pleural  effusion.  The 
malignant  nature  may  be  first  suspected  from  the  bloody  chaiacter  of  the  punctate, 
the  presence  of  cancer  cells  in  it,  the  resistance  of  the  ''pleuritis"  to  ordinary  ti^eai- 
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ment,  the  etdargement  of  glands  above  the  clavicle  and  in  the  axilla,  the  develop- 
ment of  cachexia,  or  the  persistence  of  an  intercostal  neuralgia. 

Tumors  of  the  pleura  must  be  distinguished  from  carcinoma  or  lymphosarcoma 
of  the  lung  (g.  v.)  and  from  mediastinal  masses  (sarcoma,  aneurism,  echinococcus, 
esophageal  carcinoma).    X-ray  examinations  may  help  in  the  differentiation. 

I  have  now  under  observation  a  man  aged  39,  referred  to  me  for  study  by  Dr. 
A.  D.  Parrott  of  Kinston,  N.  C,  who  for  more  than  a  year  has  suffered  from 
pain  in  the  back  and  right  side  of  the  chest.  The  pain  begins  in  the  right  hypo- 
ehondrium  and  radiates  into  the  back.  This  pain  is  often  so  severe  as  to  prevent 
sleep.  Its  location  led  a  very  good  surgeon  to  explore  the  gall-bladder  region. 
Some  adhesions  were  found  between  the  gall-bladder  and  the  liver  and  these  were 
severed,  but  without  relief  to  the  pain.  Later  the  pain  radiated  also  into  the 
legion  of  the  right  scapula  and  into  the  right  side  of  the  neck.  Returning  to  his 
suigeon,  x-rays  were  made  of  the  kidney  regions  and  a  small  shadow  was  found 
in  the  rontgenogram  of  the  left  kidney.  A  stone  was  removed,  but  without  relief  to 
the  pain.  A  few  months  before  consulting  me  the  patient  began  to  have  out- 
spoken dyspnea  and  a  dry  cough,  and  retraction  of  the  right  thorax  became 
noticeable.  On  physical  examination,  I  found  retraction  of  the  whole  right  side 
of  the  chest  and  outspoken  dullness  in  the  lower  half  of  the  chest,  with  flatness 
at  the  base.  In  the  hospital  over  a  liter  of  fluid  was  drawn  off.  This  fluid  was 
turbid  and  contained  a  large  number  of  endothelial  cells  rich  in  fat  droplets.  No 
toberele  bacilli  were  present.  A  rontgenogram  revealed  a  mass  in  the  lower  right 
pleura.  There  can  be  but  little  doubt  that  we  are  dealing  here  with  a  primary 
tumor  of  the  pleura — so-called  pleural  endothelioma  or  pleural  cancer. 
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5.    Parasites  of  the  Pleura 

The  most  common  parasite  to  invade  the  pleural  cavity  is  echinocoecus.  A 
good  many  cases  are  reported  in  the  Uterature  under  the  name  hydatid  of  the 
pleura.    Such  echinocoecus  cysts  may  be  mistaken  for  tumors  or  cysts  of  the  hver. 
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G.    Diagnosis  of  the  Principal  Diseases  of 

the  Mediastinum 

The  mediastinum  subserves  three  main  functions : 

It  is  a  septum  between  the  two  lungs,  making  each  lung  and  pleural 
cavity  independent  of  the  other,  so  that  the  intrathoracic  pressure  may 
under  pathological  conditions  differ  on  one  side  from  that  on  the  other. 
This  septum  may  be  displaced  lateralward  as  a  whole,  or  at  either  one 
of  its  two  weak  spots.  One  weak  spot  in  the  septum  is  situated  in  the 
anterior  part  of  the  upper  mediastinum  in  the  region  of  the  thymus  fat 
(Nitsch).  Here  the  mediastinum  is  often  reduced  to  a  thin  membrane 
consisting  of  the  adherent  layers  of  the  mediastinal  pleura.  If  one  pleural 
cavity  be  blown  up  in  the  cadaver,  this  weak  spot  of  the  mediastinal 
septum  will  balloon  out  into  the  opposite  half  of  the  thorax. 

Another  weak  spot  in  the  mediastinal  septum  lies  in  the  posterior  part 
of  the  inferior  mediastinum.  It  is  bounded  in  front  by  the  esophagus 
and  the  heart,  and  behind  by  the  spine  and  aorta.  Here,  again,  in  the 
cadaver,  inflation  of  one  pleural  cavity  leads  to  ballooning  out  of  this 
second  weak  spot  of  the  septum  into  the  opposite  half  of  the  thorax 
(Nitsch).  This  weak  spot  has,  however,  nothing  to  do  with  the  region  of 
the  paravertebral  triangle  of  dullness  in  pleural  effusion  {q.  v.) 

The  second  main  function  of  the  mediastinum  is  to  serve  as  an  area 
lodging  important  channels  of  communication  (heart  and  great  vessels, 
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trachea  and  larger  bronchi,  esophagus,  nerve  trunks,  including  the  N. 
vagus,  N.  sympathicus,  N.  phrenicus,  and  Nn.  intercostales). 

The  third  main  function  of  the  mediastinum  is  to  serve  as  an  impor- 
tant area  of  the  lymphatic  system  (ductus  thoracicus,  mediastinal  lymph 
glands,  lymph  spaces  of  mediastinal  connective  tissue  communicating  with 
the  peritoneum  below).  The  lymph  spaces  in  the  mediastinum  are  often 
the  site  of  inflammatory  processes  (acute  and  chronic  mediastinitis),  and 
the  lymph  glands  here  are  frequently  the  site  of  important  pathological 
changes  (tuberculosis,  Hodgkin's  disease,  lymphosarcoma).  Since  the 
advent  of  rontgenographic  methods  a  flood  of  new  light  has  been  thrown 
upon  these  pathological  processes  that  involve  the  mediastinal  lymph  glands 
and  lymph  spaces. 
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Classification  op  Diseases  of  the  Mediastinum 

The  most  convenient  classification  at  present  is  that  suggested  by  G.  von 
Beigmann: 

1.  Displacement  of  the  mediastinum  through  pressure  or  traction  from  the 
outside  (distiurbances  of  the  septal  function). 

(a)  Total  displacements. 

(b)  Partial  displacements. 

2.  Space-occupying  processes  in  the  mediastinum  (disturbances  of  the  chan- 
nels of  communication  in  the  mediastinum). 

(a)  Small  masses. 

(b)  Large  masses. 

3.  Diseases  involving  the  lymph  spaces  of  the  mediastinum  (disturbances  of 
the  l3nnphatic  function). 

(a)  Acute  mediastinitis. 

(b)  Chronic  mediastinitis. 

(c)  Mediastinal  hemorrhage. 

(d)  Mediastinal  emphysema. 

Diseases  of  the  heart,  of  the  pericardium,  of  the  esophagus,  of  the  aorta,  etc., 
though  strictly  speaking  they  belong  to  the  mediastinum,  are  considered  elsewhere. 
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1.    Displacements  of  the  Mediastinum  Through  Pressure 

or  Traction 

(a)  Total  Displacements . 

The  mediastinum  is  more  or  less  movable  and  distensible.  At  every 
breath  the  distance  between  the  sternum  and  the  spine  is  increased  during 
inspiration  fend  diminished  during  expiration.  Again,  changes  in  the 
pressure  in  each  half  of  the  thorax  can  lead  to  concavity  or  convexity  of 
the  mediastinum  toward  the  opposite  side,  according  as  a  negative  or 
positive  pressure  is  greater  in  one  half  of  the  thorax  than  in  the  other 
(pleural  effusion,  pneumothorax,  bronchiostenosis).  The  degree  of  dis- 
placement is  also  affected  by  the  degree  of  rigidity  of  the  mediastinal 
septum,  which  varies  much  in  different  persons ;  in  chronic  mediastinitis 
the  septum  may  become  quite  rigid. 

The  septum  is  less  often  pressed  over  to  the  opposite  side  by  an  exudate 
or  by  a  pneumothorax  than  drawn  over  by  the  negative  pressure  of  the 
actively-breathing  hulf  of  the  thorax  (Brauer). 

Chronic  cicatricial  processes  (pleuromediastinitis,  pleuropericar- 
ditis  externa)  may  pull  the  mediastinum  far  to  one  side.  Such  a  process 
on  the  right  may  pull  the  heart  far  to  the  right,  simulating  the  dextro- 
cardia of  situs  inversus. 

(ft)    Partial  Displacements 

The  two  weak  spots  of  the  mediastinum  have  been  described  above; 
in  pneumothorax  they  may  balloon  out  into  the  opposite  side  (Brauer), 
and  in  pleuritis  they  may  bulge  into  the  healthy  side  like  a  mediastinal 
hernia  (Spengler).  Such  partial  displacements  can  be  recognized  by 
rontgenography  and  sometimes  by  percussion.  In  cicatricial  contraction  of 
one  lung  there  may  be  a  dislocation  of  a  "weak  spot"  toward  the  diseased 
side. 

2.    Space-occupying  Processes  in  the  Mediastinum 

Symptoms. — Certain  symptoms  are  common  to  pathological  processes 
that  occupy  space  in  the  mediastinum  (tumors,  hemorrhages,  abscesses, 
mediastinal  pneumothorax,  mediastinal  emphysema,  aneurisms,  esophageal 
diverticula,  enlarged  lymph  glands).  These  symptoms  arise  chiefly  from 
the  compression  of  structures  in  the  mediastinum  (veins,  arteries,  air 
passages,  esophagus,  nerves). 

Two  types  of  collateral  venous  circulation  are  met  with  in  mediastinal 
disease.  In  the  first  type  there  is  general  dilatation  of  the  small  cutaneous 
veins  over  the  whole  chest,  back  and  upper  abdomen.  On  pressing  upon 
such  dilated  veins,  one  finds  that  they  swell  above  the  point  of  compression 
and  co^Japse  below  it,  indicating  that  the  current  is  flowing  from  ihe  vena 
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cava  Buperior  to  the  vena  cava  inferior.  This  ie  the  condition  seen  when 
the  collateral  circulation  is  fairly  sufHcient.  In  the  second  type  the  dilated 
Teins  may  not  be  easily  visible,  but,  instead, 
there  is  a  general  cyanosis  o£  the  skin  of  the 
upper  half  of  the  body,  with  pitting  on  pressure 
and  obliteration  of  the  normal  contours  of  the 
neck  and  thorax,  the  swelling  extending  down- 
ward as  far  as  the  level  of  the  diaphragm. 
This  second  type  is  known  as  the  "collar  of 
Stokes." 

Sometimes  one  Bees  a.  unilateral  edema  due 
to  compression  or  thrombosis  of  one  innomi- 
oate  vein.  The  varying  clinical  picture,  ac- 
eording  to  the  number  of  veina  involved  in 
the  compression  (superior  cava,  innominatea, 
V.  azygos,  V.  hemiazygos,  Vv.  pulmonales), 
has  been  described  by  Dieulafoy.  In  case  the 
V.  azygos  is  free  when  the  superior  cava  is 
compressed  distal  from  it,  the  collateral  cir- 
culation is  carried  on  not  only  by  the  inferior 
cava,  but  also  through  the  V.  azygos,  in  which 
event  there  is  less  dilatation  of  the  cutaneous 
veins.  According  to  the  degree  of  insufficien- 
cy of  compensation  by  collateral  circulation 
one  sees  every  transition  from  a  normal  skin 
with  dilated  veins,  through  moderate  turgor 
and  definite  edema,  to  the  most  marked  edema 
that  stretches  the  skin  and  makes  it  shiny. 
Along  with  this  edema  of  the  upper  half  of  the 
body,  one  sees  also  in  the  marked  cases  deep 
cyanosis  of  the  lips  and  face,  and  injection  of 
the  conjunctival  vessels;  such  patients  suiTer 
from  headaches  and  vertigo,  and  often  from  severe  epistaxis.  Blood  counts 
from  blood  drawn  from  the  upper  half  of  the  body  may  show  an  outspoken 
polyglobulia,  while  a  count  made  from  blood  from  the  toe  may  be  normal. 

A  unilateral  hydrothorax  may  be  due  to  compression  of  the  V.  azygos 
or  the  V.  hemiazygos  alone ;  when  the  thoracic  duct  is  also  pressed  upon, 
the  fluid  of  the  hydrothorax  becomes  chylous. 

Compression  of  the  aorta  or  of  the  pulmonary  artery  in  the  medias- 
tinnm  may  give  rise  to  a  systolic  Btenosis-murmur.  Should  the  aorta  be 
compressed  at  the  site  of  origin  of  the  innominate  artery  or  of  the  left 
subclavian  artery,  the  pulse  at  one  wrist  may  be  feebler  than  that  at  the 
other  (pulsus  diiferens). 

When  the  air  passages  are  compressed  by  masses  in  the  mediastinum, 
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important  diagnostic  symptoms  may  arise;  thus  in  compression  of  the 
trachea  the  signs  of  tracheal  stenosis  appear  (difficult  breathing,  audible 
stridor,  retraction  of  the  thorax).  When  one  main  bronchus  is  compressed 
there  is  tachypnea,  lessened  expansion,  enfeebled  breath  sounds,  and  en- 
feebled vocal  fremitus  on  the  affected  side.  The  percussion  note  may 
remain  clear.     Sometimes  stenosis  murmurs  may  become  audible. 

If  the  lung  itself  be  compressed,  the  physical  signs  vary  according 
to  the  site  of  the  compression;  usually  the  breath  sounds  are  enfeebled, 
but  sometimes  bronchial  breathing  is  transmitted  through  the  mass,  es- 
pecially in  the  interscapular  region. 

If  the  esophagus  be  compressed,  the  patient  will  complain  of  dysphagia 
and  localized  pain.  Examination  with  the  esophageal  bougie,  or,  better, 
rontgenography  with  the  aid  of  thick  bismuth  paste,  will  show  the  site  and 
extent  of  the  esophageal  stenosis.    Esophagoscopy  may  also  be  resorted  to. 

When  the  nerves  of  the  mediastinum  are  compressed,  important 
diagnostic  signs  also  arise;  thus,  compression  of  the  N.  vagus  and  espe- 
cially of  its  branch,  the  N.  recurrens,  gives  rise  first  to  posticus  paralysis 
of  the  larynx.  When  the  lesion  is  unilateral,  there  may  be  no  hoarseness, 
but  laryngoscopy  will  reveal  the  paralysis.  The  irritable  cough  of  bron- 
chial-gland tuberculosis  and  the  brassy  cough  of  aortic  aneurism  are  to  be 
regarded  as  pressure  symptoms  from  mediastinal  involvement  of  the  N. 
vagus.  Other  symptoms  due  to  pressure  on  the  N.  vagus  include  brady- 
cardia when  the  nerve  is  merely  irritated,  and  tachycardia  when  it  is 
sufficiently  compressed  to  be  paralyzed.  Nausea,  vomiting,  hyperacidity 
and  disturbance  of  intestinal  function  may  also  follow  vagal  injury  in  the 
mediastinum. 

Involvement  of  the  N.  sympathicus  may  cause  protrusio  bulbi  (uni- 
lateral or  bilateral),  anisocoria,  unilateral  hyperhidrosis  or  anhidrosis, 
sympathetic  ptosis,  etc. 

Compression  of  the  N.  phrenicus  may  cause  hiccough  or  may  give  rise 
to  inequality  of  contraction  of  the  two  halves  of  the  diaphragm  (rontgen- 
oscopy) ;  one  should  make  sure,  however,  that  such  inequality  does  not 
depend  upon  unilateral  bronchiostenosis  or  upon  phrenic  involvement 
through  apical  tuberculosis  rather  than  upon  mediastinal  compression. 

Pressure  on  the  Nn.  intercostales  may  cause  isevere  intercostal  neu- 
ralgia. 

Other  physical  signs  of  space-occupying  processes  in  the  mediastinum 
include  (1)  dislocation  of  the  heart  and  of  the  lungs,  and  (2)  distortions 
of  the  thoracic  wall.  These  effects  are  recognizable  by  careful  physical 
examination  of  the  thorax. 

After  determining  the  existence  of  symptoms  pointing  to  a  space-occupy- 
ing process  in  the  mediastinum,  it  is  necessary  to  try  to  determine  the 
nature  of  that  process.    This  part  of  the  problem  has  been  rendered  much 


DISEASES   OF   THE   MEDIASTINUM  687 

easier  since  the  introduction  of  rontgenographic  methods  in  intrathoracic 
diagnosis. 

(a)    Rontgenography  of  the  Mediastinum 

By  means  of  x-rays  we  can  determine  the  position  and  size  of  any 
space-occupying  mass  or  masses  in  the  mediastinum.  In  general,  rontgen- 
ography is  here  more  helpful  than  rontgenoscopy,  but  for  the  study  of 
pulsating  masses  (aneurisms,  pulsating  tumors,  pulsating  empyemas) 
rontgenoscopy  is  essential. 

In  the  diagnosis  of  large  tumors  of  the  mediastinum,  several  types 
can  be  distinguished  in  x-ray  pictures ;  thus,  if  in  the  rontgenogram  one 
sees  a  shadow  projecting  like  a  mole-hill  at  the  junction  between  the 
cardiovascular  stripe  and  the  clear  lung  area,  its  surface  being  either 
hemispherical^  with  the  center  of  the  sphere  lying  at  the  root  of  the  lung, 
or  uneven,  with  jagged  contours,  one  can  be  sure  that  he  is  dealing  wiUx 
a  hilus  tumor.  Such  a  mediastinal  tumor  at  the  hilus  has  to  be  distin- 
guished from  a  tumor  of  the  lung  on  the  one  hand  and  from  an  aortic 
aneurism  on  the  other. 

In  large  tumors  of  the  mediastinum  due  to  Hodgkin's  disease,  one 
sees  a  mass  either  to  the  right  or  to  the  left  of  the  sternum,  or  on  both 
sides,  usually  feebly  convex,  and  extending  all  the  way  from  the  clavicle 
down  to  the  heart.  When  the  tumor  projects  to  the  left  side,  the  differ- 
ential diagnosis  from  aortic  aneurism  may  be  difficult,  though  the  pulsa- 
tion in  aneurism,  visible  on  rontgenoscopy,  may  help.  Tumors  of  the 
lung  itself  are  usually  easily  distinguishable  from  mediastinal  tumors 
proper,  though  in  some  cases  the  rontgenogram  leaves  one  uncertain.  Thus, 
a  tumor  arising  in  a  lymph  gland  at  the  hilus  of  the  lung,  or  in  the 
bronchial  mucous  membrane  near  the  hilus,  usually  gives  rise  to  a  shadow 
extending  out  into  the  lung  but  more  or  less  separable  from  the  cardiovas- 
cular stripe;  and  when  the  shadow  becomes  confused  with  the  cardiovas- 
cular stripe,  the  predominant  involvement  of  one  lobe  of  a  lung  may  give 
one  the  clew  to  a  pulmonary  rather  than  a  mediastinal  origin  of  the  mass 
(v.  Bergmann). 

In  judging  of  the  nature  of  mediastinal  tumors,  one  should  pay  atten- 
tion not  only  to  the  appearance  of  the  main  shadow,  but  also  to  certain 
additional  points:  (1)  the  presence  or  absence  of  a  pleural  effusion,  (2) 
the  presence  or  absence  of  darkening  of  one  whole  lung  area  (bronchio- 
stenosis),  (3)  the  involvement  or  non-involvement  of  the  arch  of  the  aorta. 
It  is  also  important  to  make  out,  if  possible,  whether  we  are  dealing  with  a 
compact  uniform  mass  or  with  a  composite  mass  made  up  of  several  paj'ts, 
as  in  lymph-gland  enlargement  (bronchial-gland  tuberculosis,  Hodgkiijjft 
disease).  Examinations  with  the  aid  of  the  x-ray  have  proven  so  helpfv^J- 
in  the  differential  diagnosis  of  mediastinal  growths  that  students  an4 
physicians  sometimes  fail  to  apply  thoroughly,  in  addition,  the  ordinary 
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pbysical  methods  of  examination.  This  is  a  serious  error,  for  the  di&g<- 
nostician  who  intelligently  utilizes  all  the  methods  available  in  diagnosis 
will  make  fewer  mistakes  than  he  who  relies  upon  a  more  limited  applica- 
tion of  diagnostic  technie.  When  applying  Kiintgen  rays  to  intrathoracic 
,  diagnosis  the  rontgenographer  should  not  be  satisfied  with  rontgenoscopy 
alone,  nor  with  rontgenc^aphy  alone ;  he  should  use  both  methods,  and  in 
some  cases  may  find  it  necessary  to  make  his  observations  not  only  in  the 
anteroposterior  direction  but  also  in  the  transverse  and  oblique  diameters 
of  the  chest.  For  wider  reading  on  this  subject,  see  Christian's  article  in 
Osier  and  McCrae's  "Modern  Medicine,"  von  Bergmann's  article  in  Mofar 


Fig.  182. — Large  Va»cu1ar  Bircoma  o(  PosKrlor  Media  BttDum.  CIlDlcallj.  a  PalmtM 
Wbs  Visible  Over  a  Dull  Area  In  tbe  Lower  Back.  The  Sbadow  of  the  Tumor  la  Not  to 
be  Coornaed  mitb  tbe  Shadow  Due  to  tbe  Uamiuar;  Qland.     {X-r«r  Uept.,  J.  H.  H.) 

and  Staehelin,  Dieulafoy's  paper,  and  the  Atlases  of  Holtzknecht  and  of 
Rieder  and  Rosenthal. 

In  the  differential  diagnosis  between  aneurism  of  tbe  aorta  and 
malignant  tumors  of  the  mediastinum  the  following  points  are  worthy 
of  emphasis :  If  t)ie  normal  form  and  position  of  the  arch  of  the  aorta 
can  be  seen  undisturbed  by  the  suspected  mass,  it  is  almost  certain  that 
we  deal  with  aneurism.  On  the  other  hand,  a  dislocated  aorta  does 
not  necessarily  mean  aneurism,  since  tumors  can  also  cause  displace- 
ments.    Expansile  pulsation,  when  definitely  recognizable,  is  helpful  ia 
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the  diagnosis  of  aneurism^  but  some  aneurisms  pulsate  but  little^  and 
some  mediastinal  tumors  show  a  propagated  pulsation  which  may  be 
diflScult  to  distinguish  from  aneurism.  If  the  whole  physical  examina- 
tion be  carefully  made,  and  the  x-ray  findings  be  thoroughly  analyzed 
and  judged,  the  results  of  these,  together  with  the  general  clinical  con- 
siderations of  the  case  (Wassermann  reaction!),  will  rarely  leave  one 
in  doubt 

Dislocation  of  the  upper  anterior  weak  spot  of  the  mediastinum  to 
one  side,  visible  on  rontgenoscopy,  is  sometimes  helpful  in  diagnosis.  It 
is  to  be  remembered  that  in  bronchiostenosis  the  bulging  is  toward  the  side 
of  the  stenosis,  as  the  weak  spot  of  the  mediastinum  is  drawn  over  to  the 
diseased  side,  while  in  pleural  effusion  and  in  pneumothorax  exactly  the 
opposite  occurs,  in  that  the  mediastinum  is  drawn  over  toward  the  healthy 
side,  owing  to  the  greater  negative  pressure  on  inspiration  on  that  side. 

On  rontgenography  of  the  thorax  we  may  discover  changes  in  the 
mediastinum  that  often  have  given  rise  to  no  symptoms  and  have  therefore 
been  unsuspected  (enlargement  of  mediastinal  or  of  bronchial  lymph 
glands,  beginning  aneurism  of  the  aorta,  esophageal  carcinoma,  tumor  in 
the  region  of  the  sternoclavicular  joint). 

The  frequency  of  mediastinitis  in  rontgenograms  of  the  thorax  is  now 
known  to  every  clinician  familiar  with  this  technic.  Occasionally,  a 
mediastinal  emphysema  or  a  mediastinal  pneumothorax  can  be  recognized 
in  a  rontgenogram  (v.  Bergmann). 

(6)    Varieties  of  Mediastinal  Tumors 

Among  the  masses  originating  in  the  mediastinum  itself,  exclusive  of 
extramediastihal  processes,  intramediastinal  suppurations,  hemorrhagen 
and  emphysema,  and  of  enlargements  of  the  esophagus,  heart,  pericardium 
and  great  vessels,  we  may  consider  two  groups:  (1)  small  mediastinal 
masses,  and  (2)  large  mediastinal  masses.  The  smaller  mediastinal 
masses  originate  chiefly  in  the  lymph  glands;  they  include  tuberculous 
glands,  especially  the  tuberculous  bronchial  glands  of  children,  syphi- 
litic lymph  glands,  the  enlarged  lymph  glands  in  Hodgkin's  disease  and  in 
leukemia,  as  well  as  enlargements  due  to  acute  or  chronic  lymphadenitis 
or  to  metastatic  tumor-growth. 

The  large  mediastinal  tumors  arise  also  chiefly  from  lymph  glands  or 
from  the  thymus.  Among  the  larger  mediastinal  tumors  originating  in 
lymph  glands  may  be  included:  (1)  Hodgkin's  disease,  (2)  lymphosar- 
coma, (3)  leukemic  and  aleukemic  lymphadenosis,  (4)  metastatic  sar- 
comata or  carcinomata.  Those  arising  in  the  thymus  usually  take  the 
form  of  the  so-called  thymus-sarcoma,  sometimes  called  thymus-carcinoma. 

Certain  benign  tumors  of  the  mediastinum  (teratoma,  dermoid  cyst, 
echinococcus  cyst,  intrathoracic  goiter)  may  occasionally  be  met  with. 
In  one  tumor  personally  observed,  the  mass  disappeared   entirely,   as 
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demonstrated  by  rontgenograms,  after  radium  treatment  by  Drs,  Kelly 
and  Bumam. 

(c)    Diagnosis  of  Mediastinal  Tumors 

If  the  symptomatology  above  described  be  thoroughly  mastered,  a 
correct  diagnosis  should  be  arrived  at  in  the  majority  of  cases.  Pressure 
symptoms  are  usually  the  first  to  give  a  clew,  though  a  mediastinal  tumor 
is  sometimes  treated  for  a  considerable  period  as  something  else  (angina 
pectoris,  pulmonary  tuberculosis,  chronic  bronchitis,  laryngitis,  bronchial 
asthma,  whooping-cough),  before  the  true  nature  of  the  process  is  recog- 
nized. If  on  inspection  and  palpation  there  be  no  collateral  circulation, 
edema,  abnormal  pulsation,  or  bulging  of  the  chest  wall,  on  percussion  no 
abnormal  dullness,  and  on  x-ray  examination  in  both  the  dorsoventral  and 
in  the  oblique  diameter  no  shadow  visible,  certainly  no  large  mediastinal 
mass  can  be  present. 

It  should  be  kept  in  mind  that  pressure  symptoms  involving  the  great 
vessels  (collateral  circulation,  edema)  point  rather  to  masses  in  the  an- 
terior mediastinum,  whereas  pressure  upon  the  esophagus  (dysphagia),  or 
upon  the  air  passages  (dyspnea,  bronchiostenosis),  points  rather  to  the 
posterior  mediastinum. 

Benign  processes  in  the  mediastinum  are  much  rarer  than  the  more 
serious  involvements.  Malignant  masses  usually  enlarge  rapidly  and 
the  general  state  of  the  patient  quickly  becomes  impaired. 

The  general  condition  of  the  lymph  glands  is  very  important  in  differ- 
ential diagnosis.  If  a  mediastinal  mass  coexists  with  enlargement  of  the 
lymph  glands  in  the  neck,  one  of  the  latter  may  be  excised  for  histological 
diagnosis.  I  have  repeatedly  been  able  by  means  of  such  gland  excisions 
to  recognize  the  sarcomatous  or  malignant  lymphomatous  nature  of  a 
mediastinal  tumor.  A  thorough  blood  examination,  including  a  careful 
differential  count  of  the  white  corpuscles,  should  always  be  made.  A  true 
leukemia  would  then  never  be.  overlooked,  and,  if  Bunting  is  right,  tte 
diagnosis  of  Hodgkin's  disease  can,  in  many  cases  at  least,  be  made  early 
from  the  blood  picture. 
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3.    Diseases  Involving  the  Lymph  Spaces  of  the 

Mediastinum 

Here  we  consider  the  processes  that  develop  in  the  mediastinal  tis- 
sues themselves.  These  may  be  the  seat  either  of  acute  inflammatory 
processes  (mediastinitis  acuta),  or  of  chronic  inflammation  (mediastinitis 
chronica)  ;  blood  may  be  diffused  through  the  mediastinal  tissues  (medi- 
astinal hemorrhage),  or  these  tissues  may  be  infiltrated  with  air  (medias- 
tinal emphysema). 

(a)    Acute  Mediastinitis  and  Mediastinal  Abscess 

Definition. — An  acute  inflammation,  usually  involving  the  anterior 
mediastinum,  more  often  diffuse  than  circumscribed,  and  in  many  cases 
leading  to  suppuration  with  abscess  formation. 

Etiology. — In  most  cases  the  mediastinitis  is  due  to  an  infection  per  con- 
tiguitatem  (neck,  larynx,  trachea,  thyroid,  sheath  of  the  carotid  artery  or  jugular 
vein),  most  often  as  an  extension  from  a  retropharyngeal  abscess  following  upon 
suppuration  of  retropharyngeal  lymph  glands,  tonsillar  and  peritonsillar  abscesses, 
or  suppurative  lar3mgeal  perichondritis.  Occasionally  a  mediastinal  abscess 
results  from  rupture  of  a  pleural  empyema,  from  an  abscess  of  the  long,  or  a 
suppurative  osteomyelitis.  Now  and  then  rupture  of  the  esophagus  (carcinoma, 
foreign  body,  passage  of  a  bougie),  of  the  trachea,  of  a  pyopericardium,  or  of  a 
suppurating  bronchial  gland  may  be  responsible. 

Metastatic  abscesses  occasionally  occur  in  pyemia,  in  typhoid  fever,  and  in 
eiysipelas.    Direct  trauma  is,  in  rare  instances,  an  etiological  factor. 

Ssrmptoms. — Fever  and  other  signs  of  a  severe  infection  (chills,  sweats, 
loss  of  weight)  develop.  The  patient  complains  of  pain  behind  or  along- 
side of  the  sternum,  radiating  to  both  side^.  This  pain  may  at  first  be 
taken  to  be  stenocardiac  in  nature.  Pressure  upon  the  sternum  or  upon 
the  chest  wall  near  the  sternum  increases  the  pain.  In  the  rare  cases  in 
which  the  posterior  mediastinum  is  involved,  the  pain  may  be  referred  to 
the  spine  or  to  the  shoulder  blades,  or  there  may  be  severe  intercostal 
neuralgias.  Circumscribed  edema  of  the  skin  may  be  present  Pressure 
symptoms  may  occur  but  are  less  marked  than  in  solid  mediastinal  tumors; 
among  these,  cyanosis,  respiratory  irregularity  of  the  pulse,  and  paralysis 
of  the  diaphragm  are  perhaps  the  most  common.  There  is  dullness  behind 
the  sternum,  and  if  an  abscess  be  present  its  size  and  position  may  be 
accurately  determined  by  rontgenography.  Sometimes  an  abscess  from 
which  the  mediastinal  abscess  has  originated  can  be  recognized.  The  ab- 
scess may  finally  perforate  the  chest  wall  through  one  of  the  intercostal 
spaces,  or  it  may  point  in  the  jugulum,  or  in  one  of  the  supraclavicular 
fossae.     Unfortunately,  mediastinal  abscess  more  often  perforates  the 
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trachea  (death  from  asphyxia),  the  esophagus,  the  pericardium,  or  into 
the  pleural  cavity. 

(b)    Chronic  Mediastinitis 

Definition. — A  chronic  productive  inflammation  of  the  mediastinal  tis- 
sues, leading  to  fibrous  thickening  of  these  tissues,  usually  arising  by  ex- 
tension of  a  chronic  pleurisy  (pleuromediastinitis),  or,  more  often  still, 
of  a  chronic  pericarditis  (mediastinopericarditis). 

Etiology. — The  disease  may  be  of  tuberculous,  of  rheumatic,  or  of  unknown 
origin.    It  is  common  in  association  with  the  different  forms  of  polyserositis. 

Ssrmptoms. — In  subacute  cases  there  may  be  fever  and  pain,  but  in  the 
chronic  cases  these  may  be  entirely  absent. 

As  a  result  of  the  fibrosis  there  is  often  interference  with  respiration, 
owing  to  the  fact  that  the  mediastinum  cannot  be  stretched  in  the  sagittal 
direction  during  inspiration.  Nerves,  arteries  and  veins  may  become 
compressed  in  the  fibrous  tissue.  On  rontgenography  the  hilus  shadows 
and  the  pericardial  shadows  may  be  markedly  deepened. 

One  of  the  most  important  symptoms  is  the  so-called  pulsus  paradoxus 
(Griesinger),  the  pulse  becoming  smaller  or  intermitting  during  deep 
inspiration ;  there  is  at  the  same  time  an  inspiratory  swelling  of  the  large 
veins  of  the  neck.  According  to  Gaisbocck,  the  pulsus  paradoxus  in  medi- 
astinitis is  to  be  looked  upon  as  a  vascular  reflex  due  to  excitation  of  the 
vasomotor  center  from  change  in  the  distribution  of  the  blood  causing  a 
vasoconstriction  at  the  periphery.  Others  maintain  that  the  intermission 
of  the  pulse  is  mechanical,  due  to  narrowing  of  the  aorta  and  other  large 
arteries  by  the  scar  tissue  during  inspiration. 

(c)  Mediastinal  Hemorrhage 

This  is  most  often  due  to  perforation  of  an  aneurism  of  the  aorta  or  of 
one  of  its  branches.    The  condition  is  rarely  recognized  during  Ufa 

(d)  Mediastinal  Emphysema 

Since  the  artificial-pneumothorax  therapy  of  pulmonary  tuberculosis 
has  come  into  vogue,  the  subject  of  mediastinal  emphysema  has  assumed  a 
new  clinical  importance.  In  connection  with  pneimiothorax  therapy  it  is 
not  uncommon  to  meet  with  a  false  mediastinal  emphysema,  properly 
known  as  subfascial  emphysema.  If,  for  example,  in  the  pneumothorax 
therapy  the  cannula  is  inserted  between  the  intrathoracal  fascia  lining  the 
intercostal  muscles  and  the  ribs  on  the  one  side  and  the  costal  pleura  on 
the  other,  the  air  becomes  diffused  between  these  two  layers  into  the  loose 
connective  tissue  of  the  endothoracic  fascia,  causing  pain.    The  air  in  this 
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case  stays  behind  the  ribs,  while  in  subcutaneous  emphysema  and  in  true 
mediastinal  emphysema  it  appears  in  the  jugulum  and  spreads  out  into 
the  skin.  In  true  mediastinal  emphysema,  the  air  gets  into  the  medi- 
astinal tissue  from  the  larynx,  trachea  or  bronchi,  or  it  may  reach  the 
mediastinum  from  the  hilus  of  the  lung,  owing  to*  tear  of  the  lung  tissue 
or  of  one  of  the  small  bronchi,  or  to  the  perforation  of  a  lung  cavity,  of  a 
lung  abscess,  or  of  a  softened  tumor. 

One's  attention  may  be  first  called  to  it  by  the  appearance  of  subcu- 
taneous emphysema  in  the  neck.  On  examination  the  percussion  note  will 
be  found  to  be  of  high  pitch  and  tympanitic  over  the  mediastinum.  The 
heart  dullness  may  be  obliterated.  On  auscultation,  crepitation  synchro- 
nous with  the  heart's  action  may  be  audible.  The  heart  sounds  are  dis- 
tant, or  may  be  entirely  inaudible.  If  the  pressure  be  great  the  dyspuea 
will  be  marked. 

Not  infrequently,  owing  to  the  cause  of  the  mediastinal  emphysema,  a 
phlegmonous  mediastinitis  secondarily  develops. 
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Part  VI 

Diagnosis  of  Diseases  of  the 
Circulatory  Apparatus 

(clinical   ANQIOLOay) 

Section  I 

METHODS   OF   DETERMINING   THE    CONDITION   OF   THE 

CIRCULATORY   SYSTEM 

A,    Introduction 

The  circulatory  apparatus  includes  (1)  the  hearty  made  up  of  the 
right  atrium,  the  right  ventricle,  the  left  atrium  and  the  left  ventricle; 
(2)  the  arteries  J  including  the  pulmonary  artery,  the  aorta,  and  all  their 
branches;  (3)  the  veins  of  both  the  pulmonary  and  the  general  circula- 
tion; (4)  the  capillaries;  and  (5)  the  lymphatic  system^  including  the 
hnnphatic  vessels,  the  thoracic  duct,  the  lymph  glands^  and  the  lymphatic 
plexuses. 

Before  taking  up  the  study  of  diseases  of  the  circulatory  system,  the  anatomy 
and  phj'siology  of  this  system  should  be  thoroughly  mastered,  and  the  physical 
conditions  of  the  organs  in  normal  circumstances  should  be  well  known.  A 
student  approaching  the  study  of  clinical  angiology  will,  therefore,  do  well  to 
review  the  general  topographical  anatomy  of  the  heart  and  great  vessels,  and  the 
form  of  the  heart  and  its  several  chambers  as  seen  in  fresh  specimens,  at  autopsy, 
and  in  formalinized  specimens.  Anatomical  and  histological  atlases  and  texts 
should  be  consulted,  and  the  study  should  include  the  microscopic  anatomy  and 
histology  of  the  heart  muscle,  the  distribution  of  the  coronary  arteries  and  of  the 
eardiac  nerves,  the  structure  of  the  larger  and  smaller  arteries,  of  the  larger  and 
smaller  veins,  of  the  capillaries,  and  of  the  Ijinphatics. 

The  older  and  the  newer  physiology  of  the  heart  and  of  the  circulation  should 
also  be  carefully  reviewed.  It  is  necessary  to  know  how  the  heart  does  its  work. 
The  general  mechanics  of  the  circulation  should  be  well  understood,  including  the 
effects  of  contraction  of  the  several  chambers,  the  functions  of  the  valves  of  the 
heart,  the  phenomena  accompanying  systole  and  diastole,  the  systolic  ,  output, 

695 


696     DISEASES    OF    THE    CIRCITLATORT    APPARATUS 

th«  maintenance  of  a  continuous  flow,  the  significance  of  the  pulse  in  the  aiterics 
and  veins,  and  the  variations  in  blood  supply  corresponding  to  the  varying  needs 
of  the  different  organs  of  the  body.  Not  only  should  the  student  have  a  good 
grasp  of  the  conditions  of  the  general  circulation  and  of  the  pulmonary  eireula- 
tioh  in  adult  life,  but  he  should  familiarize  himself  with  the  conditions  eiisting 
during  fetal  life,  since  they  throw  light  upon  some  of  the  patholt^cal  states  met 
vith  in  adults. 

During   the    last 

ten  years  a  flood  of 

new   light   has  been 

thrown  upon  cardiac 

pathology    through 

important     discovei^ « 

ies    that    have    been 

made    regarding   the 

origin  and  conduction 

of  stimuli  within  the 

heart.    To-day,  there- 
fore, in  addition  to  th( 

ology  of  the  heart,  we 

anatomy  and  physiolog 

eondnctlng  system  withm  tue  nearc    mis  special 

irritable  and  conducting  system  begins  at  the  Eeith-Flack  node  in  the 

sinus  venosuB  at  the  junc- 
tion of  the  superior  cava 
with  the  right  atrium; 
it  includes  (1)  the  walls 
of  the  atria,  (2)  the 
atoioTentricnlar  hiudle 
of  His  (with  its  inter- 
calated Aschoff  -  Tftwara 
node)  dividing  into  two 
limbs:  one  going  to  the 
right  ventricle,  the  other 
to  the  left  ventricle,  and 
(3)  a  vast  complex  of 
peculiar  fibers  known  as 
the  Porkinje  system  in 
■which  the  two  limbs  of 
the  His  bundle  tenni- 
-nat«,  and  through  which 

FlB.  184.— Dtagram  of  tbe  Himmallaii  Heart  for  Comparlwn    gtimuli  can  be  conducted 
with  the  Hesrt  of  the  Bel ;  the  Prob»ble  IIomotoKleB  ot  , 

the  Hearta  or  Cold-blooded  and  WarmbloDded  AnlmalB  alinOst  Simultaneously  tO 
at«  ScbematleallT  Repre-cnted.  (AH^r  J.  Erlanger.  ^  ^Jj^^jg  g^j,^^  ^f  poj^tg 
"7%p   Harrev   Lecturei."  nubllahcd  bv  J.  B.   LiDDlDCOtt     .  ■      i  ii 

in  the  ventricular  walls. 
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Under  normal  conditions,  stimuli  arise  at  the  Keith-Flack  node  and  are 
conducted  thence  to  the  atria,  and,  later,  through  the  atrioventricular 
bundle  to  the  ventricles,  so  that  the  different  parts  of  the  heart,  under 
normal  conditions,  contract  in  regular  sequence ;  the  different  parts  of  the 
organ  thus  have  their  activities  coordinated  in  the  way  best  suited  to  pro- 
mote the  functions  that  the  heart  subserves. 

Normally,  the  stimuli  originating  at  the  Keith-Flack  node  furnish 
the  impulses  dominant  in  the  irritable  system, '  and  though  the  rest  of 
the  system  possesses  autonomous  irritability,  this  is  kept  in  abeyance. 
Since  all  the  parts  are  subordinate,  under  normal  conditions,  to  the  activity 
of  the  Keith-Flack  node,  this  node  is  called  the  pacemaker  of  the  heart. 
Stimuli  to  contraction  thus  normally  arising  and  normally  conducted  from 
the  Keith-Flack  node  through  the  heart  are  known  as  nomotopic  stimuli 
(from  the  Greek  nomos,  law,  and  topos,  place).    Under  pathological  condi- 
tions the  normal  pacemaker  may  lose  its  dominance,  and  stimuli,  arising 
automatically  elsewhere  in  the  irritable  system,  and  known  as  heterotopic 
stimuli  (Greek  heteros,  other,  different),  may  escape  control  and  give  rise 
to  abnormal  contractions  of  the  heart.     Those  of  us  engaged  in  clinical 
work  owe  a  great  debt  to  the  experimental  physiologists  (Gaskell,  Engel- 
mann,  Einthoven,  Erlanger,  Hirschfelder,  Thomas  Lewis,  Hering,  Kahn, 
Rothberger  and  Winterberg,  Nicolai,  Cohn,  Fredericq,  and  others),  who 
have  supplied  us  with  this  new  knowledge.     Its  clinical  applications  will 
become  clear  when  the  cardiac  arhythmias  are  discussed.     (See  below.) 
The  automatic  activities  of  the  heart  are  continually  being  influenced 
through  the  inhibitory  and  the  accelerator  nerves,  or  extrinsic  nerves  of 
the  heart.    Of  these,  the  N.  vagus  exerts,  predominantly,  an  inhibitory 
function  and  the  N,  sympathicus^  predominantly,  an  accelerator  function. 
The  newer  studies  of  hemodynamics  are  also  now  being  applied  to  a 
very  large  extent  in  clinical  work  and  the  experimental  studies  of  the  phys- 
iologists upon  blood  pressure,  velocity  of  flow,  and  the  conditions  of  the 
vasomotor  apparatus  generally,  have  come  to  have  a  priceless  value  for  the 
clinician. 

The  student  who  approaches  pathological  angiology  as  a  clinical  career 
could  not  do  better  than  to  spend  a  considerable  period  of  apprenticeship 
in  anatomical,  physiological,  and  experimental-pathological  laboratories, 
familiarizing  himself  with  the  knowledge  concerning  the  circulation  that 
has  already  been  gained  by  scientists  of  these  departments,  and  attempt- 
ing to  make  at  least  some  extension  of  it,  before  engaging  too  busily  in 
the  clinical  work  proper. 

It  is,  of  course,  outside  the  province  of  this  book  to  review  the  anatomy 
and  physiology  of  the  circulation.  It  must  be  taken  for  granted  that  the 
student  has  already  acquired  a  knowledge  of  the  anatomical  and  physio- 
logical facts  necessarily  precedent  to  clinical  study.  In  the  accompanying 
bibliography,  however,  references  will  be  found,  which,  it  is  hoped,  will 
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guide  the  reader  to  the  anatomical  and  physiological  sources  should  he 
wish  to  consult  them. 
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B.    Examination  of  the  Position  and  Size  of 
the  Heart  and  of  its  Several  Chambers 

L    Position  and  Size  of  the  Normal  Heart 

The  heart  (cor),  the  wedge-shaped  pump  of  the  circulatory  apparatus, 
lies  in  the  thorax,  somewhat  asymmetrically  as  regards  the  median  plane, 
more  of  it  lying  in  the  left  than  in  the  right  half  of  the  body.  The  hose 
of  the  heart,  formed  by  the  atria,  is  directed  backward  and  somewhat  to 
the  right.  The  apeXy  formed  by  the  left  ventricle  only,  projects  forward 
and  to  the  left,  coming  into  direct  contact  with  the  thoracic  wall  in  the 
fifth  intercostal  space  somewhat  medial  from  the  costocartilaginous  junc- 
tion. The  apex  is  thus  situated  medial  from  the  mammillary  line  and  it 
lies,  usually,  from  eight  to  nine  centimeters  to  the  left  of  the  median  line. 

The  right  margin  of  the  heart,  formed  by  the  right  atrium,  lies  from 
3.5  to  4.5  cm.  to  the  right  of  the  median  line  (about  a  finger's  breadth 
beyond  the  right  sternal  margin).  The  upper  margin  of  the  heart,  from 
which  the  great  vessels  go  off,  lies  in  the  second  intercostal  space  or  at  the 
upper  margin  of  the  third  rib,  behind  the  sternum.  The  left  margin  of 
the  heart  passes  somewhat  obliquely  downward  and  to  the  left  to  the 
region  of  the  apex. 
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The  markedly  curved  stemocosial  surface  of  the  heart,  which  looks 
upward  and  forward  and  comes  into  direct  contact  with  the  anterior  wall 
of  the  thorax,  is  formed  chiefly  by  the  right  atrium  and  the  right  ventricle ; 
it  lies  just  behind  the  sternum  and  behind  the  anterior  extremities  of  the 
third,  fourth,  fifth  and  sixth  ribs,  being  in  part  overlapped  by  the  margins 
of  the  lungs.  The  diaphragmatic  surface  of  the  heart,  posterior  and  in- 
ferior, is  almost  flat  and  lies  upon  the  diaphragm.  The  left  atrium  lies  at 
the  back  of  the  heart  and  is  directed  toward  the  esophagus  and  spine ;  the 
left  ventricle  lies  behind  and  below,  only  a  small  portion  of  it  projecting 
forward  to  form  the  apex  of  the  heart.  The  auricle  of  the  left  atrium  is 
in  contact  with  the  anterior  wall  of  the  chest  close  to  the  pulmonary  artery. 
The  orifice  of  the  pulmonary  artery  (ostium  arteriosimi  dextrum)  is  sit- 
uated at  the  sternal  end  of  the  third  left  intercostal  space,  while  the  orifice 
of  the  aorta  (ostium  arteriosum  sinistrum)  lies  just  below  the  middle  of 
the  left  half  of  the  sternum  at  the  same  level.  The  center  of  the  mitral 
orifice  (ostium  venosum  sinistrum)  lies  behind  the  third  left  intercostal 
space  close  to  the  sternum,  and  the  center  of  the  tricuspid  orifice  (ostium 
venosum  dextrum)  lies  behind  the  right  half  of  the  sternum  at  the  level 
of  the  sternal  end  of  the  fourth  intercostal  space. 
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2.    Methods  of  Determining  the  Position  and  Size 

of  the  Heart 

Conclusions  concerning  the  position  and  the  size  of  the  heart  are  drawn 
from  the  data  yielded  by  three  principal  methods  of  examination:  (1) 
the  inspection  and  palpation  of  the  apex  beat  of  the  heart;  (2)  the  percua- 
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sion  of  the  cardiac  dullness;  and  (3)  the  delimitation  of  the  margins  of 
the  heart  by  means  of  Rontgen  rays. 

(a)    The  Determination  of  the  Position  of  the  Apex  Beat 

of  the  Heart 

An  elevation  of  the  chest-wall,  at  regular  intervals,  at  the  times  of  the 
systoles  of  the  left  ventricle  can,  in  the  healthy  person,  usually  be  seen  and 
felt  in  the  fifth  intercostal  space  of  the  left  side,  between  the  mammillary 
and  the  parasternal  lines. 

As  the  site  of  the  apex  beat  we  designate  the  most  lateral  and  the 
lowest  part  of  the  area  of  pulsation;  as  a  matter  of  fact,  the  ''apex  beat'* 
thus  recorded  does  not  actually  correspond  to  the  position  of  the  heart's 
apex,  for  x-ray  examinations  show  that  the  latter  always  lies  a  little  lower. 
Moreover,  the  point  of  maximal  impulse  (p.  m,  t.)  is  not  always  at  the 
site  of  the  apex  beat. 

In  early  childhood  the  apex  is  in  the  4th  intercostal  space  nearer  the  nipple.  The 
position  of  the  apex  beat  on  standing  is  practically  the  same  as  in  the  recumbent 
position.  On  deep  inspiration,  however,  the  apex  beat  may  lie  behind  the  6th  rib 
or  in  the  6th  intercostal  space  and  be  more  feebly  felt,  while  on  deep  expiration 
it  may  rise  as  high  as  the  4th  intercostal  space  and  become  more  diffuse.  The 
position  changes  when  the  patient  lies  on  his  left  side;  it  may  then  reach  the 
mammillary  Une,  or,  often,  a  point  two  centimeters  to  the  left  of  it.  (After  rapid 
emaciation  this  mobility  may  be  greater;  see  "wandering  heart.")  When  .the  patient 
lies  on  his  right  side,  the  apex  is  very  little  displaced  to  the  right,  rarely  passing 
to  the  right  of  the  left  parasternal  line. 

The  position  of  the  apex  beat  varies  somewhat  with  alterations  in  the 
size  and  shape  (long,  short,  or  flattened)  of  the  thorax,  a  fact  that  stu- 
dents soon  meet  with  in  their  clinical  experience.  Anything  that  lowers 
the  diaphragm  also  lowers  the  apex  beat;  anything  that  raises  the  level 
of  the  diaphragm  (meteorism,  ascites,  pregnancy,  abdominal  tumors)  will 
raise  the  position  of  the  apex  beat.  Fluid  or  air  in  one  pleural  cavity  will 
displace  the  apex  beat  toward  the  opposite  side ;  retraction  of  a  lung  (fibroid 
phthisis)  will  have  an  opposite  effect.  Enlargement  of  the  left  ventricle 
alone  displaces  the  apex  downward  and  to  the  left;  enlargement  of  the 
right  ventricle  alone  displaces  the  apex  to  the  left  but  not  downward.  A 
pericardial  effusion  may  displace  the  apex  beat  upward  to  the  3d  inter- 
costal space. 

Too  much  stress  should  not  be  laid  upon  slight  abnormalities  in  the 
position  of  the  apex  beat.  Its  determination,  ho\vever,  is  the  first  step  in 
the  attempt  to  ascertain  the  position  and  size  of  the  heart,  inasmuch  as 
the  position  of  the  apex  indicates  the  situation  of  the  left  margin  of  the 
heart. 

Pr«(K>rdial  Boss  or  Voussure. — This  is  the  name  given  to  a  unilateral 
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bulging  occupying  the  precordial  area,  due  to  enlargement  of  the  heart 
or  to  pericardial  effusion.  The  enlargement  is  oval  in  form,  its  long 
diameter  being  vertical  and  extending  from  the  third  to  the  sixth  Yib  near 
the  sternum.  It  can  arise  only  in  early  life  when  the  ribs  are  still  flexible. 
It  should  not  be  confused  with  the  deformations,  usually  bilateral,  due  to 
rickets  or  to  emphysema. 
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(6)    Determination  of  the  Areas  of  Cardiac  Dullness  by  Percussion 

Wo  are  able  by  percussion  to  outline  upon  the  anterior  surface  of  the 
chest  two  areas,  (1)  that  of  the  superficial^  small  or  absolute  cardiac  dull- 
ness, and  (2)  that  of  the  deep,  larger  or  relative  cardiac  dxdlness.  The 
area  of  absolute  dullness  corresponds  anatoniically  to  the  part  of  the  sterno- 
costal surface  of  the  heart  not  covered  by  the  lungs,  while  the  area 
of  relative  dullness  corresponds  anatomically  to  the  whole  heart  in 
orthogonal  projection.  The  area  of  superficial  dullness  is  outlined  by  very 
feeble  percussion  along  the  margins  of  the  right  and  left  lungs  where  they 
overlap  the  heart  Inside  the  boundary  of  this  area  the  characteristic 
resonant  pulmonary  note  is  entirely  absent  The  larger  area  of  relative 
dullness  is  outlined  by  percussing  from  the  lungs  toward  the  heart  and 
marking  the  points  at  which  the  percussion  note  becomes  less  resonant  or 
relatively  dull.  Though  the  heart  is  covered  by  the  lungs  at  its  periphery, 
the  change  in  the  percussion  sound  elicited  permits  one  to  outline  its 
margins  with  reasonable  accuracy.  The  determination  of  the  superficial 
dullness  is  a  much  easier  procedure  than  that  of  determining  the  deep 
dullness ;  for  the  latter  a  degree  of  skill,  obtainable  only  by  considerable 
practice,  is  required. 
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L    Tlie  Area  of  Abeohte  (or  Siqierfidal)  Cardiac  DaDness 

At  the  level  of  the  sternal  end  of  the  fourth  costal  cartilage  on  the 
left  side,  the  margins  of  the  two  lungs  begin  to  diverge ;  the  area  between 
them  below  this  level  is  that  of  the  absolute  (or  superficial)  cardiac  dull- 
ness. The  margin  of  the  left  lung  passes  to  the  left  along  the  lower 
margin  of  the  fourth  costal  cartilage  and  then  forms  a  slight  convex  curve 
lateralward  and  downward  to  the  apex.  The  margin  of  the  right  lung 
passes  downward  behind  the  sternum  and  a  little  to  the  right  toward  the 
sternal  end  of  the  fifth  and  sixth  costal  cartilages  of  the  right  side.  In 
many  textbooks  the  right  margin  of  the  superficial  cardiac  dullness  is  said 
to  correspond  with  the  left  sternal  margin,  but  in  many  cases  by  very 
careful  feeble  percussion  it  is  possible,  despite  the  pleximeter  action  of 
the  sternum,  to  outline  the  margin  of  the  lung  behind  the  left  half  of  that 
bone.  It  is  seldom  possible,  however,  exactly  to  delimit  the  margin  of  the 
lingula  of  the  left  lung ;  it  is  so  very  thin  that  it  influences  the  percussion 
note  but  little. 

To  outline  the  superficial  cardiac  dullness  one  percusses  very  lightly 
with  the  middle  finger  of  the  right  hand,  using  either  the  index  finger, 
or  the  middle  finger,  of  the  left  hand  as  a  pleximeter.  Some  prefer  to  place 
the  tip  of  the  flexed  terminal  phalanx  of  the  pleximeter  finger  vertically 
upon  the  surface  of  the  thorax  and  to  percuss  proximal  to  the  joint.  One 
may  begin  the  percussion  in  the  dull  area  and  mark  the  points  at  which  the 
lung  resonance  appears,  or  one  may  pass  in  the  opposite  direction,  marking 
the  points  at  which  the  lung  resonance  goes  over  into  the  so-called  absolute 
dullness.  It  is  customary  to  determine  first  the  right  margin  of  the  absolute 
dullness,  then  the  upper  margin  and  finally  the  left  margin.  It  is  to  be 
borne  in  mind  that  the  percussion  sound  is  not  always  absolutely  flat  like 
the  sound  over  the  fhigh,  for  it  may  present  a  slightly  tympanitic  quality 
owing  to  the  proximity  of  the  stomach. 

Anything  that  influences  the  position  of  the  edges  of  the  lungs  (e.  g., 
respiration,  changes  in  the  position  of  the  body,  etc.)  will  also  influence  the 
size  of  the  area  of  absolute  cardiac  dullness. 

The  outline  of  this  area  tells  us  very  little  about  increase  in  the  size 
of  the  heart  as  a  whole,  though  it  may  be  of  value  as  a  clew  to  enlargement 
of  one  of  the  chambers  of  the  heart  or  of  the  pulmonary  artery.  If  the 
edges  of  the  lungs  are  not  adherent,  if  there  be  no  retraction  nor  distention 
of  the  lungs,  and  further,  if  the  heart  itself  be  not  dislocated,  changes  in 
the  area  of  absolute  cardiac  dullness  may  be  helpful  in  diagnosis.  Thus 
enlargement  of  either  ventricle  will  lead  to  displacement  of  the  edges  of 
the  lungs  and  will  increase  the  area  of  absolute  dullness.  This  holds  espe- 
cially when  the  right  ventricle  is  enlarged,  in  which  event  the  right  margin 
of  the  area  as  percussed  out  sometimes  takes  the  form  of  a  steplike  line 
(Kronig),  instead  of  the  straight  vertical  line  obtained  in  normal  condi- 
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tions.  An  accumulation  of  fluid  within  the  pericardial  cavity  also  en- 
larges the  area  of  absolute  dullness ; 
the  right  margin  of  the  area  then 
forms  an  obtuse  angle  with  the  up- 
per margin  of  absolute  liver  dull- 
ness. 

When  the  area  of  absolute  dull- 
ness extends  upward  along  the  left  p,g  i85.--stepiike  Line  ^TKrtnig. 
margin  of  the  sternum  as  far  as 
the  second  intercostal  space  (chimney'shaped  dullness)  we  may  suspect  the 
existence  of  either  a  dilatation  of  the  left  atrium  (e.  g.,  in  mitral  disease), 
or  a  dilated  pulmonary  artery  (e.  g,,  along  with  a  patent  ductus  Botalli). 


iL    The  Area  of  Relative  (or  Deep)  Cardiac  Dullneas 

Of  far  greater  value  for  the  formation  of  a  judgment  as  to  the  size  of 
the  heart  as  a  whole  is  the  determination  of,  the  relative  (or  deep)  cardiac 
dullness. 

To  outline  it,  one  does  best  to  use  the  method  of  Moritz,  who  percusses 
with  moderate  force  as  follows:  (1)  From  the  right  mammillary  line 
toward  the  left  until  a  diminution  in  resonance  corresponding  to  the 
right  margin  of  the  heart  is  reached.  •  The  pleximeter  finger  should  be  held 
parallel  to  the  long  axis  of  the  body,  the  patient  being  told  to  hold  the 
breath  at  the  end  of  deep  expiration  since  the  right  margin  of  the  heart 
is  not  dislocated  during  expiration  (though  the  left  is)  and  the  lessened 
volume  of  lung  over  the  heart  makes  the  delimitation  of  the  right  margin 
much  more  easy.  Normally  this  right  margin  is  met  with  about  a  finger's 
breadth  to  the  right  of  the  right  sternal  margin  or  about  3.5  to  4.5  cm. 
to  the  right  of  the  median  line ;  the  percussion  note  becomes  shortened 
there  and  of  higher  pitch.  One  percusses  at  different  levels  and  outlines 
the  whole  right  margin  of  the  heart  and  higher  up  the  right  margin  of 
the  area  occupied  by  the  great  vessels.  (2)  The  lower  part  of  the  left 
margin  of  the  heart  is  best  outlined  by  percussion  with  less  force,  the 
patient  making  shallow  respirations.  Here,  also,  the  pleximeter  finger 
is  held  parallel  to  the  long  axis  of  the  body.  (3)  In  percussing  out  the 
upper  part  of  the  left  margin  of  the  heart,  the  pleximeter  finger  is  held 
transversely  to  the  long  axis  of  the  body,  beginning  at  the  left  margin  of 
the  sternum,  and  percussing  from  above  downward,  using  considerabler 
force.  Above  the  heart,  one  also  determines  the  presence  or  absence  of 
dullness  to  the  left  of  the  sternal  margin  in  order  to  ascertain  whether  or 
not  the  great  vessels  extend  further  to  the  left  than  normal. 

The  upper  limit  of  the  relative  cardiac  dullness  is  usually  situated 
between  the  third  and  fourth  ribs,  the  right  margin  about  a  finger's  breadth 
to  the  right  of  the  right  sternal  border  (3.5  to  4.5  cm.  from  the  median 
line),  though  in  advanced  life  it  is  not  uncommon  to  find  no  relative  dull- 
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neaa  to  the  right  of  the  sternum.  The  left  margin  of  the  relative  dullness 
usually  corresponds  to  the  position  of  the  apex  beat  (normally  8  to  9  cm. 
lateral  from  the  median  line),  but  it  may  lie  still  further  lateralward  if 

the  thorax  be  narrow  or 
if  the  heart  be  relative- 
ly large. 

One  should  make  it  a 
l>oint  to  esamine  patients 
as  far  aa  possible  in  the 
same  position,  inasmuch  as 
posture  influences  the  area 
of  cardiac  dullness.  In 
obesity  and  in  emphyaema, 
tbe  determination  of  the 
relative  dullaess  is  very 
difficult  and  the  area  ob- 
tained is  often  much  small- 
er than  that  corresponding 
to  the  true  dimensions  of 
the  heart.  Much  less  stnss 
is,  therefore,  to  be  laid 
upon  diminution  of  the 
area  of  relative  dullness  as 
a  sign    of    a    amalt  heart 

i-crcasHio-    Areas  or    i.iTer    ana    iiean.      .v  _         . i     . 

a  D«.o.«  Reiauve  Dul]i,e« ;  .he  Darker     ">»^  "^P^^  enlargement  as 

Area  Absolute  Dullaeaa.  a   sign    of    a    laige   heart 

When  the  relative  dnllnca 
exceeds  the  normal  limits,  passing,  for  example,  to  the  right  aa  far  as  the  ligbt 
parasternal  line  or  farther,  and  upward  aa  high  as  the  second  rib,  while  the  left 
margin  of  the  heart  is  as  far  or  farther  to  the  left  than  normal,  it  is  certain 
that  the  heart  is  enlai^ed. 

Several  other  methods  of  determining  the  area  of  relative  (or  deep) 
cardiac  dullness  have  been  introduced  besides  the  one  recommended  above. 
.Among  tbem  may  be  mentioned  (1)  the  threshold-value  percussion  of 
Ewald-Goldscheider  and  (2)  the  palpatory  percussion  of  Ebstein.  The 
student  will  do  best  to  begin  with  the  method  recommended  above ;  later 
on,  if  he  desire  to  do  so,  he  may  familiarize  himself  with  the  si)ecial 
methods  mentioned.  Above  all,  the  student  should  avoid  the  very  forcible 
jiercuasion  formerly  in  vogue.  Wlien  possible,  one  should  control  his  tecb- 
nic  of  percussion  by  orthodiagraphy  or  telerontgenography  until  reliable 
results  are  obtainable. 

Enlargement  of  ^e  Area  of  Belative  Dullneas. — This  may  be  due 

either  to  (1)  enlargement  of  the  heart,  or  (2)  pericardial  exudate. 

When  due  to  enlargement  of  the  heart  itself,  the  size  depends  usually 
upon  dilatation,  the  changes  resulting  from  hypertrophy  alone  rarely  being 


FIf.   IBS. — Normal   Percnaalo..   Areas  o(   Liver   and    Heart 
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sufficient  to  cause  any  marked  increase  of  the  area  of  dullness.  Dilatation 
of  the  left  ventricle 
causes  an  expansion 
of  the  area  of  relative 
dullness  toward  the 
left  only,  almost  nev- 
er toward  the  right. 
Dilatation  of  the 
right  ventricle  dis- 
places the  right  mar- 
gin of  the  area  of 
relative  dullness  to 
the  right.  When 
both  relative  and  ab- 
solute dullness  are 
increased  to  the  right 
of  the  eternal  mar- 
gin, we  have  to  deal 
usually  either  with  a 
dilatation  of  the 
right  atrium  or  with 
apericardial  exudate, 

When  a  pericardial  exudate  is  present,  the  areas  of  cardiac  dullness, 
both  relative  and  absolute,  are  increased  in  all  directions ;  they  assume  the 

form  of  an  equilat- 
eral t  r  i  angle,  the 
apex  of  which  is  ait- 
u  a  t  e  d  above,  the 
right  lateral  margin 
extending  to  the 
ri^t  as  far  as  the 
parasternal  line  or 
farther,  and  the  left 
lateral  margin  ex- 
tending to  the  left 
beyond  the  region  of 
the  apex  beat.  The 
line  of  the  right  mar- 
gin of  dullness  may 
then  form  a  very  ob- 
tuse angle  with  the 
line    delimiting    the 


Fig.    188-— AbeolDte    aad    RelatlTe    Cardlic    DuUnera    With 


lower  margin  of  the 
right  lung  (i,  e.,  with 
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the  line  delimiting  the  upper  limit  of  the  absolute  hepatic  dullness).  The 
angle  is  often  referred  to  as  the  *^eardiohepatic  angle"  or  the  "angle  of 
Roteh." 

It  must  be  borne  in  mind  that  the  area  of  heart  dullness  (either  absolute 
or  relative)  as  outlined  may  be  increased  through  the  presence  of  tumors 
in  the  neighborhood,  of  pleural  effusions,  or  of  infiltrations  of  the  lung. 
Similarly,  a  dislocation  of  a  heart  of  normal  size  by  a  pleural  effusion, 
by  a  tumor,  or  by  a  pneumothorax  may  simulate  an  abnormal  position  of 
one  heart  boundary  due  to  enlargement. 

Diminution  of  the  Area  of  Belative  Dullness. — This  seldom  indicates 
diminution  in  the  size  of  the  heart;  most  often  the  diminution  of  the 
area  is  due  to  emphysema. 

Instead  of  cardiac  dullness  one  may  meet  with  a  tympanitic  or  metallic 
sound  in  cases  of  pneumopericardium;  this  alters  with  the  position  of 
the  patient,  in  contrast  with  the  persistently  resonant,  non-tympanitic  per- 
cussion note  that  replaces  the  cardiac  dullness  in  cases  of  emphysema 
of  the  mediastinum.  In  transposition  of  the  viscera,  the  area  of  cardiac 
dullness  has  a  topography  on  the  wall  of  the  thorax  corresponding  to  the 
mirror-picture  of  that  normally  met  with* 
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(c)    Determination  of  the  Size  and  Position  of  the  Heart  by 

Means  of  R&ntgen  Rays 

The  most  accurate  method  of  determining  the  size  and  position  of  the 
heart  is  by  means  of  transillumination  of  the  thorax  with  Rontgen  rays. 
Either  simple  fluoroscopic  examination  (rontgenoscopy)  may  be  employed 
or  actual  photographs  may  be  made  (rontgenography). 


Aorti 


V«m  oftft  wptrlor 


SiflU  l«ac»M 


Lift  lui« 


L    Simple  Ront|{eiio8Conr 

The  view  of  the  patient  obtained  varies  according  to  the  direction  of 
transillumination  (sagittal,  frontal  or  oblique). 

Sagittal  View. — When  the  rays  are  thrown  in  from  behind  at  the  level 
of  the  fifth  thoracic  spine,  and  the  fluorescent  screen  is  placed  in  front 
of  the  thorax,  the  transillumination  is  said  to  be  sagittal  and  dorso ventral. 
The  heart  and  great  vessels  (together  with  the  sternum  and  the  spine) 
appear  as  a  large  median  shadow  situated  between  the  two  pale  triangular 
rib-shaded  lung  areas,  the  whole  picture  being  bounded  below  by  the 
shadows  due  to  the  rise  and  fall  of  the  diaphragm.     An  examination  of 
the  median  shadow,  known  as  the  cardiovasculab  stripe,  shows  that  it 
is  narrower   above  than 
below   and   that   it   pre- 
sents characteristic  boun- 
dary  lines.      The    right 
margin  is   only   slightly 
curved   but   nevertheless 
can  be  seen  to  consist  of 
two  parts ;  the  upper  part 
above  the  third  rib  cor- 
responds   to    the    right 
margin  of  the  vena  cava 
superior,  whereas  the  low- 
er part  below  the  third  rib 
corresponds  to  the  right 
atrium.      The   left  mar- 
gin  of  the  shadow  pre- 
sents three  curves  of  which  the  upper  one  (I),  extending  between  the  first 
and  second  ribs,  is  due  to  the  edge  of  the  aorta ;  the  middle  one  (II),  some- 
what flatter,  extending  between  the  second  and  third  ribs,  corresponds  in 
its  upper  part  to  the  A.  pulmonalis  and  in  its  lower  part  to  the  left  atrium ; 
whereas  the  lowest  of  the  three  curves  (III),  and  much  the  longest,  extend- 
ing downward  and  lateralward  from  the  third  to  the  seventh  rib,  is  due 
to  the  left  margin  of  the  left  ventricle. 

When  the  thorax  is  looked  through  in  the  opposite  direction  (ventro- 


Rlglit  strittoi 


Lift  wtrlcto 


BIglit 


Dtepknfin 

F\g,  189. — Normal  Cardiovascular  Stripe  on  Rontgenos- 
copy. Schematic  Representation  of  the  ROntgen- 
oscoplc  View  of  the  Thorax  on  Dorsoventrai  Sagittal 
Transillumination.  (After  T.  Brugsch  and  A.  Schit- 
tenhelm.) 
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dorsal  sagittal  transillumination),  the  shadow  hecomes  somewhat  broader 
owing  to  the  greater  proximity  of  the  heart  to  the  anti-eathodc  and  the 
consequent  enlargement  of  the  projection  of  the  heart  on  account  of  the 
diverging  rays. 

Frontal  View. — On  frontal  transillumination,  the  patient  holds  his 
arms  above  his  head  and  the 
tube  is  placed  in  one  axillary 
line    while    the    fluorescent 
LKi  i>a«  UM  iirtt  h-t  ■■«    screen  is  applied  to  the  oppo- 

site side ;  both  tube  and 
screen  are  held  parallel  to  the 
median  plane  of  the  body. 
A  wholly  difTerent  view  is 
now  obtained.  Two  email 
Fig.  ISO— c»rdiov»iiciiiar  Shadow  in  BwB  on  Vpntra-     Hehter  arcas  appear ;  one  of 

doruil      BagUIBl     TrsdBlllumlnatloD,      Rrbematlc.         ^  ,    .  i  i      ■ 

(Atter  T.  Brugscb  aud  A.  Bctnttcuheim.)  tiiese,   lying  veutralward,  13 

triangular   in   shape   and  is 

known  as  the  retrosternal  area;  the  other  lies  doraalward  behind  the  heart 

and  above  the  diaphragm  and  is  known  as  the  retrocardial  area.    Between 

these  two  light  areas  is  the 

shadow  due  to  the  heart. 

The  part  of  this  shadow 

that   forms   the   posterior    ■"> 

inferior  boundary  of  the  ^^ 

retrosternal  area  is  due  to 

the  right  atrium,  the  conus 

arteriosus    of    the    right 

ventricle  and  the  ascend- 
ing portion  of  the  arch  of 

the    aorta.      Between    the 

retrocardial  area  and  the  spine  lie  the  esophagus  and  the  descending  aorta. 

Unfortunately,  frontal  transillumination  can  be  satisfactorily  employed  only 

in  people  that  are  not  too  large  nor  too  obese.  When  one  gets  a  good  view, 
m  important      conclusions 

can  be  drawn  regarding 
(1)  the  ventrodorsal  di- 
ameter of  the  heart  and 
(tou  hncuM  (2)  the  presence  or  ab- 
sence of  aneurismal  dil- 
atations of  the  ascend- 
i  n  g  and  descending 
aorta. 

Lamp  Be-  ObUqUe  VleW.— Ob- 

Front  of  Right  Chest      ,,  .„         .        . 

~  '   schuteniiGim.)       lique    transillumination 
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is  also  useful,  though  les3  for  determining  the  size  and  position  of  the  heart 
than  for  examining  the  condition  of  the  arch  of  the  aorta  (g.  v.). 

The  simple  rontgenoscopic  examination  is  of  most  value  for  the  study 
of  the  movements  of  the  heart  (7.  v.)  and  for  gaining  information  regard- 
ing the  general  position  of  the  heart  and  the  size  of  its  several  chambers. 
For  exact  measurements  of  the  heart  it  is  insufficient,  and  the  modification 
of  fluoroscopy  known  as  orthodiagraphy  must  be  employed,  or,  better  still 
perhaps,  Kohler's  telerontgenography  {q.  v.). 

Among  the  abnonnal  forms  of  the  cardiovascular  stripe  recognizable 
by  rontgenoscopy  may  be  mentioned  the  following:  (1)  the  so-called  "drop 
heart"  (cceur  de  goutte  of  the  French;  T'ropfenherz  of  the  Germans), 
(2)  the  senile  heart,  (3)  the  type  of  the  enlarged  left  ventricle,  (4)  the 
fype  of  "mitral  configuration,^'  (5)  the  generally  dilated  heart,  (6)  the 
dilated  heart  in  mitral  stenosis  with  tricuspid  insufficiency,  and  (7)  the 
type  of  pericardial  effusion. 

In  the  DBOP  HEABT  it  is  the  median  position  of  the  stripe,  the  narrow- 
ness of  the  stripe,  the  small  area  in  contact  with  the  diaphragm,  the 


QD(D 


QC 


(a)  (b)  (c)  (d) 


Fig.  193. — Abnormal  Forms  of  Cardiovascular  Stripe  on  Rontgenoscopy,  (a)  the  "Drop-heart" 
on  Dorsoventral  Illamination,  Schematic;  (b)  the  Senile  Heart  on  Ventrodorsal  Illumina- 
tion, Schematic;  (c)  Enlargement  of  Left  Ventricle  on  Dorsoventral  Illumination,  Sche- 
matic: (d)  the  Mitral  Configuration  of  the  Heart  of  Holzknecht,  Dorsoventral  Illumina- 
tion. Schematic.     (After  T.  Brugsch  and  A.  Schittenhclm.) 

lateral  mobility  of  the  stripe  on  change  of  position,  the  high  level  of  the 
base  of  the  heart  and  the  exaggeration  of  the  second  left  lateral  curve 
that  are  characteristic  (Fig.  193  a). 

In  the  SENILE  HEART,  duc  to  the  loss  of  elasticity  and  elongation  of  the 
aorta,  the  heart  is  more  transverse  than  normal  (Fig.  193  b). 

In  the  third  type  mentioned,  due  to  hypebtbophy  of  the  left 
VENTBICLB,  the  heart  also  lies  more  transversely.  The  lowest  of  the  three 
curves  of  the  left  border  of  the  cardiovascular  stripe  forms  a  projection 
that  has  been  compared  to  a  sheep's  nose  and  the  heart's  apex  is  plump 
and  rounded  (Fig.  193  c). 

In  the  HEABT  OF  ^^MiTRAL  CONFIGURATION"  (Holzknccht)  there  is 
marked  exaggeration  of  the  lower  curve  on  the  right  due  to  enlargement 
of  the  right  ventricle  and  a  characteristic  bulging  in  the  region  of  the 
middle  curve  on  the  left  due  to  enlargement  of  the  left  atrium  and  dilata- 
tion of  the  pulmonary  artery  (Fig.  193  d).  When  there  is  aortic  insuffi- 
ciency the  second  curve  on  the  left  may  be  less  marked  than  jxormal 
(Baetjer). 
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In  the  UKiPOBULY  dilated  heart  the  cardiovascular  Btripe  is  broader 
than  normal  and  the  widening  of  the  vascular  area  is  especially  noticeable 
owing  to  dilatation  of  the  vena  cava  superior  (Fig.  194  a). 

The  heart  assumes  a  peculiar  shape  in  mitral  stenosis  a.ccoufahiu> 


Q^[£i 


(a)  <b)  <c) 

Fig.  194. — AbDormal  Forms  o(  the  CardloTSsirular  Btripe  (Contlnunl).  (a)  the  Generally 
Dilaled  Heart.  DorsoTeiilral  IlluminatloD  ;  (b)  DitatatloD  or  the  Heart  Id  Hllral  Steanli 
and  Retallve  TrlcuapliI  iQHnlBcleiie)',  DontoTeDtral  Illumination,  Scbcmatk :  (p)  tbn 
Sbadow  In  Pericardial  ESualon,  DoraoTentral  IllamlDatlon.  (After  T.  Bragscb  and 
A.  Scblttenbelm.) 

BY  TRICUSPID  INSUFFICIENCY.  Here  in  addition  to  the  characters  of  the 
heart  of  mitral  configuration  {vide  supra)  the  effects  of  the  great  enlarge- 
ment of  the  right  ventricle  and  right  atrium  are  visible  and  the  cardio- 
vascular shadow  occupies  a  more  median  position  in  the  thorax  (Fig,  194  b). 

When  there  is  a  pericardial  exudate,  the  normal  curves  delimiting 
the  cardiovascular  stripe  laterally  are  obliterated  and  one  sees  the  straight 
sides  of  a  dark  triangular  shadow  (Fig.  194  c). 

Most  important  information  is  given  by  rontgenoscopy  in  the  diagnods 

of  DII^TATION   OF  THE   AORTA   and   of  AOKTIC    ANEURISM, 

A  diffuse  dilalaiwn  of  the  aorta,  so  common  in  people  past  middle 
life,  especially  when  arterial  hypertension  has  existed  for  some  time  (as 
in  arteriolar  nejihropathy)  or  where  a  chronic  luetic  aortitis  has  existed, 
is  easily  visible  through  the  flnorospope. 

In  aneurism  of  the  thoracic  aorta  there  is  usually  a  sharply  circum- 
scribed shadow  undergoing  active  pulsation  connected  with  the  aorlic 
shadow.  The  pulsation  is  expansible  in  all  directions.  If  an  aneurismal 
sac  be  partially  or  completely  obliterated  by  lamcllated  clots,  the  pulsa- 
tion may  be  slight  or  absent.  For  illustration  see  Aneurism  (Special 
Diagnosis). 

To  determine  which  part  of  the  thoracic  aorta  has  undergone  aneuris- 
mal  dilatation,  transillumination  in  oblique  directions  is  desirable.  There 
is  sometimes  difficulty  in  distinguishing  an  aneurism  from  tumors  or  en- 
larged glands  lying  upon  the  aorta  and  pulsating  with  it,  but  if  a  proper 
diaphragm  be  used,  the  shadow  due  to  aneurism  can  usually  he  seen  to 
go  over  more  smoothly  into  the  aortic  shadow  than  does  that  thrown  by 
a  tumor  mass.  Moreover,  the  margin  of  the  sac  in  aneurism  is  usually 
sharply  circumscribed  and  the  expansion  during  pulsation  is  equal  in 
all  directions. 
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In  aneurism  of  the  innominate  artery,  the  shadow  lies  high  to  the 
right  and  the  trachea  is  usually  displaced  to  the  left.  The  aneurism  some- 
times appears  as  a  sharp,  noselike  projection  of  the  arch  of  the  aorta 
into  the  left  lung  area  (Kiilbs). 

In  aneurism  of  the  descending  aorta,  rontgenoscopy  is  rarely  sufficient 
for  positive  differentiation  from  tumors. 

In  aneurism  of  the  pulmonary  artery,  the  shadow  is  usually  situated 
in  the  second  right  intercostal  space  and  can  rarely  be  differentiated  from 
the  shadow  of  the  aorta  itself. 

In  ARTERIOSCLEROSIS^  lime  deposits  in  the  peripheral  arteries  can  often 
be  demonstrated  by  rontgenography.  In  obscure  neuralgias  of  the  extrem- 
ities and  in  intermittent  claudication,  rontgenography  may  be  helpful  in 
diagnosis.  In  sclerosis  of  the  coronary  arteries  there  is  rarely  calcification 
enough  for  recognition  in  x-ray  plates.    Calcification  of  the  renal  arteries 


is  sometimes  demonstrable  in  the  r6ntgeno<p'am. 


iL    Orthodiafiraphy 


Screen 


Crayon 
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Pig.  195. — Schematic  Representa- 
tion of  Orthodiagraph  in  Cross- 
section. 


Another  method  of  which  much 
heard  nowadays  is  the  orthodiagraphic 
study  of  the  heart.  In  it,  the  attempt  is 
made  to  determine  very  accurately  the 
size  of  the  heart  by  obtaining  by  suc- 
cessive orthogonal  projections  a  number  of 
single  points  in  the  outline  yielded  by 
x-rays  falling  perpendicularly  upon  the 
fluorescent  screen,  all  divergent  rays  being 
cut  off  by  a  diaphragm.  The  lines  join- 
ing the  points  obtained  form  a  figure  called 
the  orthodiagram  (Figs.  196  and  197).  Certain  distances  on  these  ortho- 
diagrams are  measured  and  the  results  compared  with  normal  values.  The 
method  is  valuable  for  research  work ;  the  results  exceed  in  accuracy  those 
of  any  other  method  yet  invented,  except  telerontgenography,   but  for 

practical  clinical  work  we 
can  get  along  very  well 
without  orthodiagraphy 
provided  we  utilize  the 
other  forms  of  rontgenos- 
copy to  the  full,  together 
with  accurate  methods  of 
percussion.  I  think  it 
probable  that  orthodiagra- 
phy will  soon  be  entirely 
displaced  by  telerontgen- 
ography. 


4- 


Pig.    196.— Sagittal    Orthodia- 
gram.     (After  Morltz.) 


Mg.  197.  —  Frontal 
Orthodiagram.  (Af- 
ter Morltz.) 
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3  of  the  heart,  and  accordingly  of  the  silhouette  of  the  heart 
obtained  in  the  orthodia- 
gram, varies  within  cer- 
tain limits  in  healtbj 
people.  The  heavier  the 
body  and  tbe  greater  the 
height  of  the  person, 
BB  a  rule,  the  larger  his 
heart.  In  women,  the 
measurements  are  usual- 
ly about  half  a  centime- 
ter smaller  than  in  men 
of  the  same  size  and 
weight.  In  adolescence, 
the  measurements  are 
somewhat  smaller  than 
i  in  adult  life ;  in  old  peo- 
ple, the  measurements 
are  as  a  rule  somewhat  in- 
creased. 

In  the  following  ta- 
ble, Mr.  =  maximal  dis- 
tance    from     median 


Fig.  Ids. — OrtbodlBgram  of  tbe  Heart  Long  Area,  and 
Dlapbragm  of  a  Normal  Man.  CI,  Clavkle ;  D, 
Dlalpbragtii ;  Mr,  Dialauce  of  Rlgbt  Border  ot  Heart 
rrom  Median  Uoe:  Ml.  DlRtance  of  the  Lett  Border 

of  BGart  from  Median  Line:  l.t  and  Ut,  Lower  and  .  ■       r 

tipiwr  Partial  Diameter  of  tbe  Heart  Drawn  Per-  line  tO  right  margin  of 
pcDdlcular  to  Cardiac  Ails,  aod  Representing  tbe  heart  ■  Ml  =  maximal 
Width  of  the  Heart.  ' 

distance  from  median 
line  to  left  margin;  Tr,  ^  transversal  diameter  (or  Mr.  +  ML) ;  L.= 
length  of  heart  shadow ;  B.  =  breadth  of  heart  shadow. 


TABLE 
ORTRODiAottAPHic  Measurbuentb  in  Healthy  Male  Adolib  (After  Dietlen) 


Height  and  Body 

Weight 

Mr. 

Ml. 
cm. 

Tr. 

L. 

B. 
cm. 

Area  in 
Cm.' 

8,5 

8.7 
8.8 
9.3 

12.2 
12.9 
13.1 
13,8 

13,4 
14.0 
14.2 
14.9 

9.6 
10.2 
10.3 
11.0 

Body  Weight,  47  kg 

117 

131 
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According  to  Groedel,  the  following  table  represents  the  average  values 
for  patients  in  the  upright  position: 


Mr. 

Ml. 

Tr. 

L. 

4.6 
4.1 
3.9 
3.7 

8.4 
7.8 
8.0 
7.2 

13.0 
11. » 
11.9 
10.9 

12.7 

When  the  thorax  is  elastic  and  of  normal  shape  and  the  heart  of  normal 
size,  careful  percussion  of  the  area  of  relative  cardiac  dullness  will  be  found 
to  agree  very  accurately  with  the  orthodiagraphic  findings.  Considerable 
divergence  in  results,  however,  is  found  under  certain  circumstances, 
especially  when  the  heart  is  much  enlarged  to  the  left  so  as  to  be  close 
to  the  lateral  wall  of  the  thorax  or  when  the  thorax  is  very  narrow.  This 
discrepancy  is  due  to  the 
fact  that  in  orthodiagra- 
phy  the  outline  of  the 
heart  is  a  sagittal  pro- 
jection on  a  plane  tan- 
gential to  the  anterior 
wall  of  the  chest,  while 
in  percussion  we  have  to  : 
follow  the  rounded  sur- 
face of  the  chest  and 
thus  obtain  a  figure  for 
the  relative  dullness 
the  left  margin  of  which 
will  be  situated  much  far- 
ther lateralward  upon  the/ 
lateral  wall  of  the  tho-' 
rax.  Obviously,  in  such 
circumstances,  there  can 
be  no  agreement  be- 
tween the  orthodiagraph- 
ic projection  and  the  per- 
cussion projection  of  the 
heart  limits,  and  in  sucli  cases  the  apex  beat  will  lie  to  the  left  of  the 
lateral  margin  of  the  orthodiagram. 


—Orthodiagram  of  a  Normal  Heart.  Dotted 
1c  RrruiDbiMit  roatare ;  Black  Line,  In  ITpTlglit 
.K.      (After  Morlti.) 
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ill.    Teleroiittfeiio|{rapIiy 

In  my  own  diagnostic  work,  I  now  make  use  of  telerontgenography  in 
place  of  orthodiagraphy.  The  method  has  been  described  in  Part  II.  It 
is  accurate,  exj)editioii8,  free  from  danger  and  not  expensive.  I  advise 
its  use  for  the  making  of  i:K3rraanent  records  of  the  exact  size  and  position 
of  the  heart. 
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C.    Cardiovascular  Acoustics;   Normal   and 
Abnormal  Sounds  Over  the  Heart  and 

Vessels 

In  health  and  in  disease  certain  oscillations  arise  in  the  heart  and 
blood  vessels  that  may  cause  audible  sounds.  These  can  be  recognized 
by  listening  (auscultation)  with  the  naked  ear  or  with  the  aid  of  the 
stethoscope,  or  the  oscillations  that  are  the  physical  basis  of  the  sounds 
may  be  recorded  mechanically  (graphic  registration). 

L    The  Heart  Sounds 

(a)    Normal  Heart  Sounds 

If  the  ear  be  placed  over  the  chest  in  the  cardiac  region  of  a  healthy 
person,  pairs  of  sounds  are  heard  recurring  at  regular  intervals.  Each  pair 
of  sounds  consists  of  a  first  and  a  second  sound,  separated  from  one  an- 
other by  a  brief  interval  (the  short  pause).  Each  pair  of  sounds  in  turn 
is  separated  from  the  next  pair  by  a  longer  interval  (the  long  pause). 
On  listening  with  the  stethoscope  the  duration  and  accentuation  of  the 
single  sounds  at  the  apex  of  the  heart  is  found  to  be  somewhat  different 
from  that  at  the  base;  thus  at  the  base  and  over  the  lower  part  of  the 
sternum  the  first  sound  is  longer  and  more  accentuated  (rhythm  of  a 
trochee  -^-^— ^,  phonetically  indicated  as  liibb^up  or  td  ta),  whereas  at  the 
base  the  second  sound  is  more  accentuated,  the  rhythm  becoming  that  of 
an  iambus  ^— ^  -^  (luhb-dup  or  tatd).  The  first  sound  of  each  pair  occurs 
during  the  first  third  of  ventricular  systole  and  is  therefore  synchronous 
with  the  apex  beat  of  the  heart.  The  second  sound  occurs  at  the  very 
banning  of  ventricular  diastole.  The  short  pause  between  the  two  sounds 
of  each  pair  is  meso-  and  telesystolic  in  time,  but  the  long  pause  sepa- 
rating consecutive  pairs  is  diastolic  in  time. 

(6)    Origin  of  the  Normal  Heart  Sounds 

The  origin  of  the  first  sound  of  the  heart  is  still  in  dispute.  Physiolo- 
gists believe  it  to  be  chiefly  an  intracardial-tension-tone  due  to  oscillations 
set  up  by  vibrations  of  the  walls  of  the  ventricles  (muscular,  membranous 
and  valvular)  ;  the  tension  of  the  mitral  and  tricuspid  valves  is  included 
here.  It  is  believed  by  some  that  the  opening  of  the  semilunar  valves  of 
the  aorta  and  pulmonary  artery  and  the  sudden  tension  of  the  walls  of  the 
aorta  and  pulmonary  artery  also  contribute  to  the  sound.  The  intracardial- 
tension-tone  is  probably  much  more  important  than  the  so-called  arterial- 
expulsion-tone. 
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Many  have  attempted  to  distinguish  in  the  intracardial-tension-tone  in  torn 
three  sets  of  components:    (1)   the  tension  of  the  mitral  and  tricuspid  valves; 

(2)  the  tension  of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery;  and 

(3)  the  tension  of  the  muscular  walls  of  the  left  and  right  ventricles.  It  seems 
desirable,  certainly,  to  keep  in  mind  the  fact  that  the  normal  first  sound  is  due  to 
a  combination  of  the  sounds  produced  in  the  two  ventricles,  inasmuch  as  in  dis- 
ease the  components  due  to  either  one  of  the  ventricles  may  undergo  alteration. 
To  a  certain  extent  the  sounds  are  analyzable  as  regards  their  components  by 
means  of  auscultation  at  different  areas  on  the  chest  wall  {vide  infra).  Clinicians 
are  inclined,  perhaps,  to  lay  too  much  stress  upon  the  portion  of  the  first  sound 
due  to  valve  tension  to  the  neglect  of  that  part  of  it  due  to  tension  of  the  rest  of 
the  ventricular  wall. 

The  second  sound  is  coincident  with  and  due  to  the  closure  and  ten- 
sion of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery  at  the 
beginning  of  diastole ;  there  is  general  agreement  as  to  the  origin  of  this 
sound. 

In  children  and  young  adults  a  third  sound  is  in  the  majority  of  cases 
audible  and  normal  just  after  what  has  been  described  as  the  second  sound. 
Since  it  occurs  very  early  in  diastole  it  is  designated  a  protodiastolic 
sound.  It  is  suggested  that  it  may  be  due  to  the  floating  up  of  the  atrio- 
ventricular valves  by  the  blood  that  rushes  into  the  ventricles  before  the 
end  of  the  first  third  of  diastole  (Hirschf elder).  It  is  best  heard  at  or 
near  the  apex  when  the  patient  is  somewhat  turned  to  the  left  side 
(Thayer).    It  corresponds  to  the  A-wave  on  the  phlebogram. 
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(c)    Ataeultatlon  Sita 

Since  tbe  information  yielded  bj  auBcultation  is  of  greatest  value  in 
determining  the  state  of  the  various  valves  and  orifices  of  the  heart,  the 
sites  that  have  been  selected  for  auBciiltation  are  those  at  which  clinical 
study,  controlled  by  postmortem  examinations,  ehows  the  sounds  due  to  the 
vibration  of  particular  valves  to  be  best  heard.  These  auscultation  siiea 
for  the  several  valves  do  not  correspond  as  a  rule  to  the  surface  overlying 
the  anatomical  sites  of  the  valves.  The  anatomical  projections  of  the 
valves  are  situated  very  close  together  on  the  chest  wall  (Fig.  200) ;  the 


Fig.  200— DiagrBi 


—  Pulmonmrj 


Heart  and  the  AuBcuItatloD  Btte*. 


sites  selected  for  auscultation  are  relatively  widely  removed  from  one 
another. 

Four  principal  auscultation  sites  are  usually  selected: 

1.  At  the  apex  of  the  heart,  where  the  muscle  tone  of  the  first  sound 
propagated  through  the  whole  left  ventricle  can  he  heard  (mitral  area). 

2.  In  the  second  left  intercostal  space  close  to  the  sternum  where  the 
sounds  produced  by  the  pulmonary  semilunar  valves  can  be  beat  heard 
(pnlmonary  area).  Here  the  auscultation  site  corresponds  to  the  anatom- 
ical projection  site. 

3.  In  the  second  right  intercostal  space  close  to  the  sternum  (aortic 
ma).  Hither  the  sounds  produced  at  the  aortic  orifice  are  well  propagated 
and  they  can,  here,  be  heard  tolerably  free  from  admixture  with  other 
sounds. 


720     DISEASES   OF   THE    CIRCULATORY   APPARATUS 

4.  At  the  junction  of  the  5th  rib  with  the  sternum  on  both  the  right 
and  left  sides  (tricuspid  area). 

It  will  be  noticed  that  only  two  of  these  sites  correspond  to  anatomical 
projections ;  namely,  the  pulmonary  and  tricuspid.  The  auscultation  site 
for  the  aortic  valves  is  not  far  removed  from  the  anatomical  projection 
site,  but  the  anatomical  projection  site  of  the  mitral  valve  is  entirely 
unsuitable  as  an  auscultation  site  for  that  valve  since  the  whole  right 
ventricle  intervenes  between  the  mitral  valve  and  the  anterior  chest  walL 

• 
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(d)    Rhythm  and  Accentuation  of  the  Heart  Sounds 

At  each  auscultation  site,  both  sounds  of  the  heart  are  audible,  and 
one  must  distinguish,  at  each  site,  the  sound  of  autochthonous  origin  from 
the  propagated  sound;  the  former  is,  under  normal  conditions,  better 
heard  than  the  latter.  Thus,  over  the  pulmonary  and  aortic  sites,  the 
second  sounds  are  autochthonous  and  the  first  sounds  are  propagated,  which 
explains  the  iambic  rhythm  (^^^  ~^)  heard  there,  while  at  the  apex,  and 
in  the  tricuspid  area,  the  first,  sounds  are  louder  (autochthonous)^  and 
the  second  feebler  (propagated) ;  hence  the  rhythm  of  a  trochee  (-^  ^, 

(e)    Identification  of  the  Heart  Sounds 

There  should  be  no  trouble,  over  healthy  hearts,  in  distinguishing  the 
first  sound  from  the  second  sound ;  first,  by  the  accentuation,  and,  second, 
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Fig.    201. — Lrngth   of    Pauspa   Botwpon   the   Heart   SonndR.    In    Seconds.      (After   P.    Krtnse, 
"Lehrb.  d.  klin.  Untersuchungramethoden,"  published  by  G.  Fischer,  Jena.) 

by  the  length  of  the  pause  following  each  sound.  In  disease,  the  heart 
beats  may  become  very  irregular  (arhythmia)  or  the  rate  greatly  acceler- 
ated (tachycardia).  In  some  instances,  both  the  long  pause  and  the  first 
sound  become  relatively  shortened  and  the  heart  sounds  then  resemble  the 
ticking  of  a  watch  (pendulum  rhythm)  so  that  the  ear  may  not  be  able  to 

^  At  the  apex  both  the  first  and  second  sounds  are  "propagated,"  but  the  source 
of  the  first  sound  is  nearer  than  that  of  the  second. 
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distinguish  which  ia  the  first  or  which  the  eecond  sound.  When  this  pendu-, 
lum  rhythm  occurs  with  a  very  rapid  pulse,  tlio  heart  sounds  resemble 
ttose  heard  in  the  fetus  (rinbryocardui).  If  it  be  impossible  by  the  accen- 
tuation of  the  sounds,  or  by  their  relation  to  the  pauses,  to  tell  which  is  the 
first  and  which  the  second  sound,  the  examiner  may  help  himself  out  by 
jialpating  (simultaneously  with  auscultation)  the  ajxtx  beat  or  the  carotid 
pulse.  The  first  sound  is  synchronous  with  the  apical  impulse  and  pre- 
cedes the  carotid  beat  by  about  one-tenth  of  a  second,  thus  occurring  always 
in  tbe  first  half  of  systole.  Bcgitmers  often  make  tjie  mistake  of  trying 
to  time  the  sounds  in  all  cases  by  palpation  of  apex  or  carotid;  clinical 
teachers  should  correct  this  tendt'ucy  and  encourage  students  to  make  their 
decisions  by  paying  attention  rather  to  the  aecentuati<m  of  the  sounds 
and  their  relation  to  the  pauses,  resorting  to  palpation  only  in  instances 
where  satisfactory  timing  is  impossible  otherwise. 
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(/)     Graphic  Registration  of  the  Heart  Sounds 

Physiologists  and  clinicians  have  devised  several  metho<l8  of  registering 
graphically  the  time  and  intensity  of  the  heart  sounds,  hut  only  two  of  the 
more  important  methods  will  be  here  referred  to.  For  full  description, 
the  original  sources  should  be  consulted. 

Einthoven  and  Gelnk'a  Method.— Tbo  Dutch  physiologists  used  a  stethoscope 
attached  to  a  microphone,  the  current 
from  which  was  passed  through  a 
rapiUary  electrometer,  the  movementa  of 
which  were  photographed.  Later,  a  strong 
galvanometer  {q.  «.)  was  used.  Bond, 
and  also  Bridgman,  have  found  this  satis- 
factory in  tbe  heart  station  at  tlie  Johns 
Hnpkins  Hospital. 

WeiSB's  Method.— Weiss  uses  a  "pho-  •'■if-  202.— The  First,  Swond  and  Third 
noseope,"  consisting  of  a  closed  chamber         I!.'"l/'?;;!^''  '?  't?".!;'"'"^  Ke™,a«i  l.y 

„    .    r  ,  ,,  ?  ,       ,  ■  1    -  ,  "">     MctlitNi     of    Klnthov*!!     and    Gnlnk. 

rontaming  a  small  funnel,  which  IS  covered  ,From  a.  d.  HirHchfcider-a  ■■Dispaa™  or 

by  a  film  of  soap  bubble.     In  the  center  the  Ilfart  and  Aorta.-  publlaliod  b;  J.  B, 

of  tbe  film  are  placed  minute  capillary         Lippincott  Co.,  PhilHdiipiiia.} 
tubes,  the  movements  of  which  are  magni- 
fied and  projected  upon  a  photographic  recording  apparatus.     Gerbartz  uses  a 
membmne  of  collodion  instead  of  the  film  of  soap  bubble. 
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Recently,  Crehore's  apparatus  has  been  applied  by  Meara,  for  the  registration 
of  sounds  as  well  as  of  movements. 
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(g)    Detection  of  Alterations  in  the  Intensity  of  the  Heart  Sounds 

The  loudness  of  the  sounds  of  the  heart  may  be  less  or  greater  than 
normal. 

L    Enf eeUement  of  the  First  Sound 

The  first  sound  may  be  enfeebled  when  something  exists  that  hinders 
the  transmission  of  the  sound  (obesity,  pulmonary  emphysema,  large  pleu- 
ral or  pericardial  effusion).  The  first  sound  may  also  be  enfeebled  either 
by  defective  contraction  of  the  ventricles  or  by  alterations  of  the  atrioven- 
tricular valves.  A  feeble  contraction  of  the  ventricle  may  occur  in  any  of 
the  conditions  that  give  rise  to  myocardial  insufficiency.  When  vegeta- 
tions appear  upon  the  borders  of  the  valves  the  first  sound  may  be  dimin- 
ished or  even  disappear  (e,  g.,  in  acute  endocarditis). 

iL    Accentuation  of  the  First  Sound 

On  the  other  hand,  the  first  sound  may  he  exaggerated  in  intensity  by 
causes  operating  in  the  direction  opposite  to' those  just  mentioned.  Thus 
the  transmission  of  the  sound  may  be  facilitated  in  emaciated  patients 
or  when  there  are  gas-containing  cavities  near  the  heart  (pneumoperi- 
cardium, dilated  stomach)  ;  in  the  latter  instance  the  quality  of  the  heart 
sound  may  be  more  metallic  than  normal.    Again,  abrupt  ventricular  con' 
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traction  (e.  g.,  in  emotional  excitement  or  on  physical  exercise)  augments 
the  first  sound,  and  certain  alterations  in  the  atrioventricular  valves,  such 
as  thickening  or  induration,  may  have  the  same  effect  This  explains 
the  loud  first  sound  sometimes  heard  in  chronic  endocarditis  (e.  g.,  mitral 
insufficiency)  and  in  arteriosclerosis  of  a  mitral  cusp. 

The  accentuation  of  the  individual  heart  sounds  is  often  of  great 
practical  diagnostic  significance. 

Thus  marked  accentuation  of  the  first  sound  at  the  apex  is  often  a 
sign  of  the  existence  of  mitral  stenosis.  The  abrupt  first  sound  heard  at 
the  ai)ex  in  this  disease  is  believed  to  be  due  to  the  more  powerful  vibra- 
tions set  up  by  the  sudden  tension  of  the  stiffened  valve-cusps. 

The  lesion  of  mitral  insufficiency  tends  to  enfeeble  the  first  sound  while 
that  of  mitral  stenosis  tends  to  exaggerate  it.  When  in  the  course  of  a 
mitral  insufficiency  the  first  sound  becomes  louder  and  more  abrupt,  one 
may  infer  that  stenosis  has  been  added  to  the  insufficiency,  and  when  in  the 
course  of  a  mitral  stenosis  a  mitral  insufficiency  develops,  the  first  sound 
may  become  somewhat  feebler. 

iiL    Enfeeblement  of  the  Second  Sound 

The  second  sounds  of  the  heart  may  also  be  either  enfeebled  or  ex- 
aggerated. Though  the  pressure  is  much  higher  in  the  aorta  than  in  the 
pulmonary  artery,  the  conditions  of  auscultation  are  such  that  the  second 
sounds,  in  normal  adults,  are  approximately  equal  in  intensity  at  the  aortic 
and  pulmonary  sites.  In  children,  the  pulmonic  second  may  be  normally 
louder  than  the  aortic  second. 

The  second  sounds  may  be  feebler  than  normal  owing  to  faulty  trans- 
mission to  the  stethoscope  (in  obesity,  pulmonary  emphysema,  pericardial 
effusion),  though  in  such  cases  the  second  sound  is  usually  less  enfeebled 
than  the  first  and  if  only  one  sound  be  audible  it  is  usually  the  second 
Aside  from  faulty  transmission  of  the  sounds,  they  may  be  feebler  either 
from  alterations  in  the  arterial  valves  themselves  (e.  g,,  endocarditis)  or 
from  lowering  of  tension  in  the  aorta  or  pulmonary  artery  (e.  gr.,  myo- 
cardial insuflSciency,  anemia,  Addison's  disease,  tuberculosis,  etc.). 

iv.    Accentuation  of  the  Second  Sound 

The  second  sounds  may  be  exaggerated  (accentuated)  whenever  the 
arterial  tension  is  increased.  Thus  marked  accentuation  of  the  aortic 
second  sound  usually  indicates  hypertension  in  the  aorta ;  it  is  frequently 
met  with  in  chronic  nephritis  and  in  some  forms  of  arteriosclerosis. 

When  in  addition  to  mere  accentuation  of  the  aortic  second  sound  there 
is  alteration  of  the  quality  or  timbre  of  the  sound  we  may  usually  assume 
the  existence  of  sclerotic  or  other  changes  in  the  semilunar  valves  them- 
selves, in  which  case  the  second  sound  besides  being  loud  has  a  certain 
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tympanitic  or  ringing  quality.  Not  only  is  the  character  of  the  sound 
altered  but  it  seems  to  be  prolonged  by  a  sort  of  echo  or  resonance  which 
follows  it.  In  such  cases  one  must  take  especial  care  to  ascertain  whether 
or  not  the  sound  is  followed  by  a  diastolic  murmur. 

Some  care  must  be  taken  in  deciding  whether  it  is  the  pulmonary 
second  or  the  aortic  second  sound  that  is  accentuated  in  a  given  case. 
When  the  accentuation  is  maximal  to  the  right  of  the  sternum  it  is 
certainly  aortic  in  origin,  but  when  it  is  maximal  to  the  left  of  the 
sternum  it  is  usually  pulmonary  though  it  is  sometimes  due  to  a  sound 
propagated  from  the  aortic  orifice,  and  other  physical  signs  must  be  con- 
sidered in  making  a  decision. 

When  the  pulmonary  second  sound  is  accentuated  it  is  evidence  of 
increased  pressure  in  the  pulmonary  artery  and  may  be  due  to  some 
obstruction  to  the  flow  of  blood  in  the  lung  (e,  g.,  emphysema,  fibroid 
phthisis,  pulmonary  arteriosclerosis)  or  to  faulty  circulation  in  the  left 
heart  (e.  g.,  mitral  disease). 

When  a  pulmonary  second  sound  that  has  been  accentuated  becomes 
enfeebled,  it  is  often  an  indication  of  beginning  insufficiency  of  the  muscu- 
lar wall  of  the  right  ventricle  and  is  not  infrequently  coincident  with  the 
advent  of  an  insufficiency  at  the  tricuspid  orifice. 
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(h)    Detection  of  Changes  in  the  Number  of  the  Heart  Sounds 

Instead  of  the  first  and  second  sounds  of  the  heart  above  described, 
there  may  be  heard,  either  in  healthy  or  in  diseased  hearts,  three  or  four 
or  even  more  sounds  (aside  from  the  murmurs  which  are  described  later). 
The  additional  sounds  may  be  due  (1)  to  failure  of  the  components  of  the 
first  or  second  sounds  to  fuse  to  a  single  sound,  especially  when  there  is 
a  disturbance  in  the  synchronism  of  events  in  the  two  ventricles,  or  (2) 
to  the  formation  of  entirely  new  sounds. 

i.    Spfittintfs  and  Doublings  of  the  Heart  Sounds  (|  Rhythm) 

The  first  sound  or  the  second  sound  may  be  split,  doubled,  i,  e,,  re- 
duplicated,  without  anv  marked  alteration  in  accentuation  or  in  relation 
to  the  short  and  long  pauses  of  the  cardiac  cycle.  When  the  first  sound 
is  simply  split,  the  fault  in  coincidence  is  slight  (tra  ta)  ;  when  it  is 
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doubled,  the  fault  in  coincidence  is  greater  (ta-ta  ta).  Similarly  the 
second  sound  may  be  either  split  (ta  tra)^  or  doubled  (la  ta-ta).  Every 
degree  of  transition  from  slight  splitting  to  distinct  doubling  may  be  met 
with.  The  origin  of  such  splittings  and  doublings  has  been  much  dis- 
cussed (Geigel,  Sahli).  These  phenomena  are  frequently  met  with  in 
health  at  different  phases  of  respiration;  thus  the  first  sound  is  often 
split  at  the  end  of  inspiration  and  the  beginning  of  expiration,  the  second 
sound  (less  often)  at  the  end  of  expiration  and  the  beginning  of  inspira- 
tion. The  doublings  are  more  common  in  diseased  conditions,  and  are  then 
audible  in  all  respiratory  phases.  When  the  mitral  valve  is  damaged,  the 
second  sound  is  often  split  or  reduplicated  at  the  base,  owing  to  increased 
pressure  in  the  pulmonary  artery.  The  splitting  of  the  second  sound  at 
the  apex  (bruit  de  rappel  of  Bouillaud),  so  common  in  mitral  stenosis,  is 
attributed  by  some  to  vibration  of  the  rigid  valve  when  the  blood  begins 
to  enter  the  ventricle  from  the  atrium  (claquement  d'ouverture  de  la 
mitrale)y  this  giving  rise  to  a  sound  just  after  the  normal  second  sound. 
Many  believe  that  this  "cantering"  sound  is  not  a  true  reduplication  of 
the  second  sound  heard  at  the  apex  beat,  but  is,  in  reality,  a  divided  dias- 
tolic murmur  that  points  to  mitral  constriction. 
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iL    Triple  or  Gallop  Rhythms  (f  Time) 

The  normal  2/4  rhythm  of  the  heart  is  fairly  well  maintained  in  the 
splittings  and  doublings  above  described.  Sometimes  the  heart  sounds, 
however,  appear,  not  in  2/4  rhythm,  but  as  groups  of  three  sounds,  of 
which  the  first  and  second  and  the  second  and  third  are  separated  by 
approximately  equal  intervals,  while  the  last  member  of  each  group  is  sepa- 
rated from  the  first  member  of  the  next  succeeding  group  by  a  somewhat 
longer  pause.  In  such  cases  a  3/4  rhythm  arises,  which,  on  account  of  its 
resemblance  to  the  sounds  made  by  a  galloping  horse,  has  been  designated 
gallop  rhythm.  Sometimes  the  extra  sound  precedes  the  first  sound  of  the 
heart  (presystolic  gallop),  sometimes  it  follows  the  second  sound  (proto- 
diastolic gallop).     In  the  presystolic  type,  the  three  sounds  present  the 
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rhythm  of  an  amphibrachy  (^-^  -^  v-^),  in  which  the  middle  one  is  long, 
the  first  and  last  short ;  in  the  protodiastolic  type,  the  rhythm  is  that  of  a 
dactyl  (-^  s_^  s-^),  the  first  sound  being  long,  and  the  second  and  third 
short  Gallop  rhythms  are  usually  most  distinctly  audible  just  medial 
from  the  apex  of  the  heart,  though  the  rhythm  can  usually  be  heard  over 
the  whole  cardiac  area. 

The  existence  of  gallop  rhythm  can  be  confirmed  by  palpation,  inas- 
much as  the  extra  tone  is  accompanied  by  a  distinct  shock  palpable  at  the 
apex ;  indeed  the  tactile  features  of  the  rhythm  are  often  more  conspicuous 
than  the  acoustic.  The  waves  on  the  mechanically-registered  cardiogram 
should  be  compared  with  the  waves  appearing  upon  the  simultaneously- 
registered  phlebogram. 

The  significance  of  gallop  rhythms  has  been  much  discussed.  A  proto- 
diastolic gallop  is  common  in  bradycardia,  in  aortic  insufficiency  and  in 
mitral  stenosis.  It  may  be  a  normal  phenomenon  when  a  good  normal 
"third  sound''  is  audible  (Thayer).  The  presystolic  gallop  is  most  fre- 
quently met  with  when  a  hypertrophied  left  ventricle  is  beginning  to  yield 
to  the  strain  (chronic  nephropathy,  coronary  sclerosis,  myocarditis). 

Whether  the  so-called  presystolic  gallop  is  in  reality  presystolic  and  due 
to  sudden  tension  of  the  wall  of  the  left  ventricle  from  vigorous  contrac- 
tion of  the  atrium  (Exchaquet,  Johnson)  or  depends  upon  a  dissociation 
of  the  first  soimd  of  the  heart,  the  shock  due  to  contraction  of  the  ventricu- 
lar walls  being  separated  from  that  due  to  valve  closure  (Bard)  is  still  in 
dispute,  though  a  majority  lean  to  the  former  view.  A  slight  blowing 
murmur  between  the  first  two  sounds  of  this  gallop  may  be  met  with  when 
the  heart  is  weak  (Lamacq). 

The  existence  of  a  presystolic  gallop  rhythm  is  often  more  important 
than  that  of  a  heart  murmur  for  diagnosis  and  prognosis. 

While  the  presystolic  type  of  gallop  rhythm  most  frequently  met  with 
seems  to  be  a  phenomenon  pertaining  to  the  left  ventricle,  a  certain  number 
of  cases  have  been  described  in  which  a  right-ventricle  gallop  existed 
(pulmonary  sclerosis).  Here  the  rhythm  is  best  heard  in  the  region  of 
the  xiphoid.  It  has  been  suggested  (on  the  ground  of  electrocardiograms) 
that  gallop  rhythm  is  a  manifestation  of  injury  to  a  branch  of  the  His 
bundle  going  to  one  or  the  other  ventricle  (Rothberger  and  Winterberg). 

Diastolic  Sound  in  Mediastinopericarditis. — In  adherent  pericardium 
there  sometimes  arises  a  third  sound  just  after  the  second  sound.  Fried- 
reich thought  this  due  to  sudden  diastolic  expansion  of  the  previously 
indrawn  thorax  (diasiolische  Schleuderton)  ;  the  sound  is  heard,  however, 
after  Brauer's  operation  of  card  ioly sis  has  been  performed,  so  that  this 
explanation  is  inadequate^  Since  the  sound  is  accompanied  by  a  small 
wave  on  the  cardiogram,  it  is  probably  due  to  the  inrush  of  blood  from 
the  atrium  into  the  ventricle  in  diastole  and  is  the  ordinary  third  sound. 
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2.    Heart  Murmurs 

(a)    Introduction 

From  the  standpoint  of  physics,  the  normal  heart  sounds,  as  well  as 
the  abnormal  sounds  known  as  heart  murmurs,  are  noises  and  never  pure 
tones ;  they  are  all  due  to  "aperiodic"  vibrations.  Some  writers  speak  of 
the  heart  sounds  as  "heart  tones"  and  of  the  heart  murmurs  as  "heart 
noises,"  though  as  a  matter  of  fact  the  vibrations  of  murmurs  more  often 
approach  the  periodicity  of  clangs  or  tones  than  do  the  normal  heart 
sounds. 

The  chief  difference  between  the  sounds  in  the  normal  heart  and  the 
heart  murmurs  met  with  in  disease  lies  in  the  duration,  and  in  the  termina- 
tion, of  the  noise.  The  normal  sounds  are  briefer,  and  they  die  out  more 
quickly.  Murmurs  tend  to  be  longer,  and  to  fade  away  gradually.  These 
diflFerences  correspond  to  the  origin  of  the  sounds.  The  normal  sounds 
arise  from  a  single  sudden  disturbance  of  the  equilibrium  of  the  sound- 
producing  body,  while  heart  murmurs  are  due  to  a  repeated  disturbance 
of  this  body ;  in  the  normal  sounds  the  duration  depends  upon  the  after- 
vibration  of  the  sounding  body  dependent  upon  its  inertia,  whereas  in 
murmurs  the  longer  duration  results  from  the  repeated  excitation  to  move- 
ment that  occurs  (Sahli). 
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The  character  of  the  normal  heart  sounds  is  so  different  from  that  of 
heart  miirnuirs  that  the  skilled  ohserver  can  nearly  always  recognize  the 
sounds  along  with  the  murmurs  and  uses  the  former  as  a  frame  in  which 
he  places  the  latter. 

(6)    Analysis  of  the  Features  Presented  by  Heart  Murmurs 

In  studying  heart  murmurs,  attention  is  paid  to  a  whole  series  of 
features.  Of  these,  some  are  essential,  others  less  important.  Of  the 
essential  features  may  be  mentioned: 

1.  The  time  (or  phase)  in  the  cardiac  revolution  in  which  the  murmur 
occurs. 

2.  The  site  at  which  the  murmur  is  best  heard;  and 

3.  The  direction  and  propagation  of  the  murmur. 
Of  the  less  important  features  may  be  mentioned: 

4.  The  intensity  of  the  murmur. 
6.  Its  pitch ;  and 

6.  Its  quality  or  timbre. 

L    The  Timing  of  Heart  Mnrnmrs 

The  first  point  to  attend  to  is  the  exact  phase,  or  the  phases,  in  the 
cardiac  revolution  in  which  the  murmur  is  audible.  Clinically,  all  mur- 
murs occurring  between  the  moment  at  which  the  first  sound  of  the  heart 
begins  and  the  end  of  the  short  pause  marked  by  the  beginning  of  the 
second  sound  are  said  to  be  systolic  murmtirs;  while  all  murmurs  audible 
during  the  period  extending  from  the  moment  at  which  the  second  sound 
begins  to  the  end  of  the  long  pause  marked  by  the  beginning  of  the  first 
soimd  are  said  to  be  diastolic  murmtirs.  Obviously,  therefore,  the  percep 
tion  of  the  first  and  second  sounds  is  of  greatest  importance  in  determining 
the  time  of  a  murmur. 

Systole  and  diastole  (in  this  clinical  sense)  may  be  further  subdivide*! 
into  three  portions,  a  beginning,  a  middle  and  an  end  portion;  for  the 
systole  these  times  are  known  res])ectively  as  protosysioUc,  mesosystolic 
and  telesystolicy  while  for  the  diastole  the  corresponding  terms  protodias- 
folic,  mesodiastolic  and  ielediastoUc  are  employed.  Before  these  temis 
came  into  use,  murmurs  occurring  at  the  end  of  diastole,  just  before  the 
systole,  were  called  presysiolic,  and  this  designation  is  still  in  vogue;  thus 
the  terms  presystolic  and  telediastolic  may  be  regarded  as  identical.  The 
former  term,  however,  is  used  to  descril)e  more  particularly  those  murmurs 
that  run  into  the  first  sound. 

The  beginner  should  avoid  the  common  mistake  of  thinking  that  a 
murmur  belongs  to  the  phase  of  cardiac  revolution  represented  by  the 
sound  to  which  it  stands  nearest ;  thus  the  second  sound  occupies  only  the 
earliest  part  of  diastole  but  a  j)resystolic  murmur  occurring  just  before 


3 


SOUNDS  OVER  THE  HEAET  AND  VESSELS 


729 


the  first  sound  of  systole  is  in  reality  a  diastolic  murmur,  though  it  is 
close  to  the  normal  systolic  sound  and  far  removed  from  the  normal 
diastolic  sound. 

When  a  murmur  occupies  the  whole  of  systole,  it  is  said  to  be  hol(h 


ffTRAVENTRlCUlAR 
PRESSURE 


VOLUME  OF 
VENTRICLES 


MITRAL  SYSTOLIC 


/MORTIC  SYSTOLIC 


AORTIC  DIASTOLIC 


PRESYSTOLIC 


Fig.  203« — Dia^am  Showing  the  Relation  of  the  More  Common  Simple  Marmurs  to  Events 
of  the  Cardiac  Cycle.  Solid  Black  Bars  Indicate  the  Heart  Sounds.  Vertical  Parallel 
Lines  Reaching  to  the  Base  Indicate  Blowing  or  Rough  Murmur.  Wavy  Vertical  Lines 
not  Reaching  to  the  Base  Indicate  a  Rumble.  (After  A.  D.  Herschfelder,  '^Diseases  of 
the  Heart  and  Aorta,"  published  by  J.  B.  Llpplncott  Co.,  Philadelphia.) 

systolic  (Gr.  holos,  entire)  ;  if  it  occupies  only  a  part  of  systole,  it  is 
said  to  be  merosystolic  (Gr.  m^ros,  portion).  Similarly,  a  murmur  may 
be  holodiastolic  or  merodiastolic. 

When  the  heart  sounds  exist  in  fairly  normal  relation  to  the  heart 
pauses,  there  is  but  little  difficulty  in  determining  the  phase  of  a  cardiac 
cycle  to  which  a  heart  murmur  belongs,  even  though  the  accentuation  of 
the  sounds  deviates  from  the  normal.  But  in  pendulum  rhythm,  and 
more  especially  when  one  of  the  heart  sounds  ceases  to  be  audible,  con- 
siderable difficulty  may  be  experienced  in  timing  a  murmur.  One  has 
to  be  guided  in  the  auscultation  then  by  simultaneous  palpation,  either 
of  the  apex  beat  or  of  the  carotid  pulse. 


iL    The  Topo|{raphy  of  Heart  Mnrmiirs 

Since  the  more  important  cardiac  murmurs  are  due  to  disease  of  the 
valves  of  the  heart,  it  is  desirable  to  determine  whether  the  location  of 
a  murmur  does  or  does  not  indicate  an  existing  relation  between  it  and 
one  of  the  orifices  guarded  by  valves.  The  best  auscultation  sites  for  the 
various  valves  have  been  described  alK)ve  in  connection  with  the  normal 
heart  sounds.  Should  a  murmur  be  maximal  at  one  of  these  sites,  it  will 
be  designated  accordingly ;  e.  g,,  mitral  systolic  or  mitral  diastolicy  aortic 
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systolic  or  aortic  diastolic.  One  muat  be  cautious,  however,  as  sometimes 
a  murmur  propagated  to  one  of  these  areas  may  be  miataken  for  one  of 
local  or  auiochthonous  origio.  Thus,  a  murmur  in  reality  arising  at  the 
mitral  orifice  is  often  maximal  in  the  pulmonary  area  and  the  tyro  might 


Mesocardlac 


Fig.  2<M.— DlTlHlon   c 


easily  think  of  a  lesion  of  the  pulmonary  semilunar  valves  rather  than  of 
the  mitral  valve. 

In  describing  the  exact  position  of  the  ptincla  maxima,  it  Is  sometimes 
helpful  to  use  the  terminology  introduced  by  Potain  (Fig.  204).  This 
author  divides  the  precordial  area  into  three  zones: 


r  zone,  subdivisible  into 

(a)  A  pre-aortic  region,  and 

(b)  A  pre-infundibular  region. 

2.  A  mesocardiac  zone,  sudivisible  into 

(a)  A  sternal  region, 

(b)  A  xiphoid  region,  and 

(c)  A  left  preventricular  region. 

3.  An  apical  zone,  subdivisible  into 

(a)  A  supra-apical  region, 

(b)  An  apical  region  proper, 

(c)  An  endo-apical  region,  and 

(d)  A  para-apical  region. 

Murmurs  occurring  solely  in  the  left  preventricular  region  and  in  the 
para-apical  region  are  usually  "accidental"  murmurs,  not  indicating  any 
serious  organic  disease  of  the  heart  Jlurnnirs  audible  in  the  pre-infun- 
dibular region  sometimes  indicate  organic  disease,  though  they,  too,  are 
often  merely  functional  in  nature. 

iu.    The  Direction  and  Propai£a(ion  ol  Heart  MnnHurs 

Since,  as  a  rule,  a  murmur  is  bo?t  conducted  in  the  direction  of  the 
flow  of  the  current  that  produces  it,  it  is  desirable  to  ascertain  not  only 
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the  point  at  which  a  heart  murmur  is  maximal  hut  also  the  manner  in 
which  the  murmur  is  propagated  in  one  or  more  directions  from  this  point 
If,  for  example,  a  systolic  murmur  is  produced  by  narrowing  of  the  aortic 
valves  {aortic  stenosis),  the  murmur  will  be  maximal  at  the  auscultation 
site  for  that  valve  in  the  second  intercostal  space  to  the  right  of  the 
sternum  and  the  murmur  will  he  propagated  upward  toward  the  carotid 
and  the  subclavian  arteries  since  this  is  the  direction  in  which  the  blood 
flows  from  the  narrowed  spot  at  which  the  murmur  arises. 

If  the  aortic  valves  leak  so  that  blood  can  pass  back  through  them  into 
the  left  ventricle  during  diastole   (aortic  regurgitation),  the  diastolic 


AorUc  I 
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Q    Uailmal  lotensity 
— —  Cardiac  DuUimi 
.....  Flint  Uarmar 
■^— ■  Mitral  Insafflclenc; 

^    Mailmal  iDteoslly 


murmur  will  be  propagated  downward  and  to  the  left  along  the  left 
margin  of  the  sternum,  corresponding  to  the  direction  of  the  regurgitant 
flow. 

In  narrowing  of  the  mitral  valve  (mitral  stenosis),  the  blood  is  forced 
through  a  narrow  slit  directly  toward  the  apex  of  the  heart  and  one  hears, 
during  the  period  of  the  contraction  of  the  atrium,  a  presystolic  murmur 
in  the  region  of  the  apex.  On  the  other  hand,  when  the  jnitral  valve 
leaka  and  blood  regurgitates  througli  it  during  contraction  of  the  ventricle 
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{mitral  regurgitation),  the  murmur  is  propagated  sometimes  best  toward 
the  apex  of  the  hearty  i.  e.,  in  a  direction  opposite  to  the  regurgitation, 
by  transmission  along  the  chordae  tendineae  and  the  papillary  muscles  (I)e 
Sautelle  and  Grey),  sometimes  best  toward  the  left  atrium,  and  a  systolic 
murmur  may  be  audible  either  at  the  apex,  or  in  the  pulmonary  area  where 
the  auricle  of  the  left  atrium  comes  nearest  to  the  surface. 

When  multiple  heart  murmurs  coexist,  a  determination  of  the  maximal 
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Fig.  200.— DIstrtbatloD  o(  Heart  Harman  Id  a  Man,  Agp  33.   with  Mitral  Sienoala,  Mitral 

InBuOlclencj,  and  Aorllc  laaiifflclenc;.  Inteniw  PrpsjBtollc  Murmur  at  Apei,  Kndlnf  In 
SDapplng  First  Sound  (Mitral  StenoglB)  ;  Sfatollc  Murmur  at  Apei.  Widely  DUtrlbutH 
Over  Cheat.  Uailmal  !□  rulmonlc  Area  (Mitral  Inaufflclencyt  ;  Dlaatolle  Murmur  WLdelT 
Dlatiibuted  Over  Cbpst  and  Axilla,  Uailmal  Aloag  the  Steraam  (Aortic  lDBiifflcl«Di7l 
(Med.  Clinic,  J.  U.  H.) 

and  minimal  points  for  each  murmur  and  of  the  direction  in  which  il  is 
propagated  is  essential  for  exact  diagnosis.  One  may,  for  example,  hear 
a  systolic  murmur  in  the  aortic  area  and  also  in  the  mitral  area  at  the 
apex,  in  which  event  one  has  to  decide  whether  the  former  murmur  arises 
at  the  aortic  orifice,  or  is  propagated  to  the  aortic  area  after  originating 
at  the  mitral  orifice.  One  may  easily  make  either  one  of  two  mistakes; 
he  may,  in  the  first  place,  assume  that  a  murmur  is  propagated  when  in 
reality  both  valves  are  diseased,  or  he  may  diagnosticate  a  defect  in  both 
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valves,  when,  in  reality,  the  murmur  in  one  area  is  propagated  from  a 
distant  valve. 

A  difference  in  the  character  of  the  murmur  at  the  two  areas  may  help 
to  decide ;  thus,  if  one  he  very  ro\igh  and  the  other  smooth,  or  if  one  he 
musical  and  high-pitched  while  the  other  is  soft  and  blowing,  it  is  probable 


Ultral   Btenoati 
>•  Cnrdlae  DuUdcm 


B1(.  20T. — Areas  In  Wblcb  Heart  Murmuri  Were  Audible  tn  a  ratlent  BillTeiiag  from  Acate 
Rheumatic  Fever  with  Mitral  Inaufflclency  aod  Mitral  Stcnosli.  Note  tbe  Limited  Area 
jD<t  Meillal  from  tbe  Apex  of  tbe  Heart  In  Wbkb  tbe  Falot  RnmbllDg  Presystolic  Murmur 
Leading  Up  to  tbe  Accentuated  First  Sound  Was  Heard ;  Also  tbe  Large  Area  Over  Wblch 
tbe  Rough  Systolic  Murmur  of  Ultral  InBufflcloncy  Was  Audible,  Maximal  Id  an  Area  of 
Some  Size  ArouDd  tbe  Apex  But  Transmitted  to  tbe  Axilla  and  tbe  Angle  of  tbe  Lett 
Scapula.     (Med.  CIIdIc,  J.  [L  U.) 

that  two  different  murmurs  exist,  though  it  has  to  be  borne  in  mind  that 
a  murmur  during  its  propagation  may  not  only  he  weakened  but  also,  to  a 
certain  extent,  he  modified  in  character. 

In  addition  to  noting  differences  in  the  quality  of  the  murmur  in  tho 
two  areas,  the  intensity  should  be  carefully  observed.  When  the  murmur 
is  equally  strong  in  both  areas,  it  is  probable  that  an  autochthonous  mur- 
mur exists  at  each  site,  since  a  murmur  propagated  any  distance  is  likely 
to  have  its  intensity  lessened.     When  one  murmur  is  more  intense  than 
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the  other,  the  view  that  the  feebler  murmur  is  propagated  from  the  area 
in  which  the  stronger  is  heard  is  favored.  If,  on  listening  along  a  line 
connecting  one  area  with  the  other,  the  sound  of  the  first  murmur  gradu- 
ally lessens  to  a  minimum  and  then  increases  to  a  second  maximum  in  the 
distant  area,  it  is  probable  that  one  has  to  deal  with  two  autochthonous 
murmurs. 

When  both  systolic  and  diastolic  murmurs  are  audible  over  the  heart, 
the  diastolic  murmur  should  first  be  carefully  located  and  analyzed,  to 
the  total  neglect  of  the  systolic;  subsequently  the  systolic  murmurs  may 
be  analyzed  for  themselves. 

Occasionally,  murmurs  are  propagated  far  beyond  the  precordial 
region.  Thus  they  may  be  audible  in  almost  any  part  of  the  body — along 
the  spine,  in  the  flanks,  in  the  head  as  far  as  the  vertex,  and  even  in  the 
limbs.  Sometimes  a  patient  may  hear  his  own  heart  murmur  or  a  person 
several  feet  from  him  may  hear  it.  Such  great  diffusion  was  once  thought 
to  be  characteristic  of  murmurs  occurring  in  congenital  malformation  of 
the  heart,  but  it  may  accompany  any  orificial  lesion  that  gives  rise  to  an 
intense,  low-pitched,  systolic  blow.  As  a  general  rule,  aortic  murmurs  are 
propagated  toward  the  upper  part  of  the  body  and  mitral  murmurs  toward 
the  lower. 

bf*    The  Intensity  of  Heart  Mnrnmrs 

Though  the  intensity  of  heart  murmurs  is  very  variable,  in  diagnosis 
too  much  stress  should  not  be  laid  upon  this  fact.  Diastolic  murmurs  are 
usually  less  intense  than  systolic,  though  not  always.  The  two  factors  con- 
cerned in  intensity  are  (1)  the  size  of  the  opening,  and  (2)  the  force,  or 
velocity,  of  the  flow.  Care  should  be  taken  also  not  to  over-estimate  the 
importance  of  intensity  for  prognosis.  For  a  very  loud  murmur  may  ac- 
company a  slight  lesion,  whereas  a  very  soft  murmur  may  coexist  with  a 
serious  lesion  of  the  heart  With  a  given  murmur,  a  patient's  condition 
may  be  better  when  it  is  intense  than  when  it  is  feeble^  since  the  intensity 
may,  as  we  have  seen,  vary  with  the  force  of  the  cardiac  contraction. 

The  intensity  of  a  murmur  is  in  part  dependent  upon  the  velocity  of 
flow  through  the  narrow  spot  at  which  it  is  produced ;  and  since  the  flow 
is  usually  quickest  at  the  moment  an  orifice  is  opened,  most  murmurs  are 
more. intense  at  the  beginning  and  gradually  fade  away;  in  other  words, 
they  manifest  a  decrescendo  character.  An  important  exception  is  the  rate 
of  flow  through  a  narrowed  atrioventricular  valve  during  ventricular  dias- 
tole. Here  the  flow  is  most  rapid  at  the  end  of  diastole,  the  presystolic 
acceleration  depending  upon  the  atrial  contraction.  This  murmur  may 
therefore  approximate  to  a  crescendo  character. 

The  flow  is  probably  maximal  at  the  beginning  of  diastole  under 
normal  conditions,  but  then  we  have  no  murmur  to  point  it  out.  In  ad- 
vanced mitral  stenosis,  where  we  have  a  presystolic  murmur,  the  same  con- 
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ditions  that  cause  the  murmur  also  slow  the  flow  and  then  the  greatest 
flow  is  probably  presystolic  in  time.  Some  divide  mitral  stenosis  into 
three  grades : 

1.  Large  opening  =  murmur  protodiastolic. 

2.  Smaller  opening  =  murmur  §  of  way  through  diastole. 

3.  Small  opening  =  greatest  flow  during  atrial  contraction  and  mur- 
mur is  presystolic. 

In  narrowing  of  the  aortic  orifice,  the  murmur  produced  may  be  at 
first  crescendo  and  later  decrescendo. 

The  intensity  of  a  murmur  increases  and  diminishes  with  the  changes 
in  blood  pressure,  due  to  the  work  done  by  the  heart ;  thus,  when  a  heart 
hypertrophies,  murmurs  in  it  become  intensified,  and  when  a  heart  weak- 
ens, the  murmurs  may  grow  feebler. 

The  intensity  of  heart  murmurs  may  also  be  influenced  by  body  pos- 
ture. Most  murmurs  are  more  intense  in  the  recumbent  position  than  on 
standing ;  the  heart  rate  is  less,  and  the  ventricles  contract  more  energeti- 
cally. To  accentuate  the  intensity  of  a  heart  murmur,  one  may  take  ad- 
vantage of  the  suggestion  of  Azoulay,  who  makes  the  patient  lie  down  with 
the  head  supported,  the  arms  raised  and  resting  gently  on  the  head  of  the 
bed,  and  the  lower  extremities  flexed  so  that  the  heels  touch  the  buttocks. 
In  this  attitude,  the  heart  is  still  further  slowed  and  the  intensity  of  a 
murmur  is  sometimes  markedly  increased. 

The  intensity  of  a  murmur,  other  things  being  equal,  depends  largely 
upon  the  size  of  the  orifice  at  which  the  murmur  is  produced.  If  this  be 
too  wide,  or  too  narrow,  sound  vibrations  do  not  occur ;  thus,  in  stenosis  of 
the  mitral  valve,  should  the  slit  become  very  narrow,  the  presystolic  mur- 
mur, or  rumble,  may  entirely  disappear ;  on  the  other  hand,  in  leakage  at 
the  mitral  valve,  a  systolic  murmur  that  has  been  loud  may  wholly  dis- 
appear should  the  left  ventricle,  and  with  it  the  muscular  ring  at  the  mitral 
orifice,  become  greatly  dilated. 

Finally,  the  condition  of  the  walls  of  a  diseased  orifice  may  affect  the 
intensity  of  the  murmur  produced  there.  Rigid,  or  calcified,  valves  may 
emit  loud  sounds,  whereas  soft,  fresh  thickenings  of  the  valves  may  give  rise 
only  to  feeble  murmurs. 


V.    The  Pitch,  or  Tonality,  of  Heart  Mnrmiirs 

This  depends  largely  upon  the  size  of  the  orifice  at  which  the  murmur 
is  produced.  If  it  be  large,  the  murmur  is  likely  to  be  low-pitched;  if 
small,  of  higher  pitch.  Very  low-pitched  murmurs  are  "rumbling"  sounds. 
In  contraction  of  the  mitral  orifice,  a  diastolic  murmur  may  be  a  rumble 
of  very  low  pitch,  a  presystolic  blow  of  much  higher  pitch,  or  it  may  pre- 
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sent  the  characters  of  any  one  of  several  gradations  between  these  two 
extremes. 

vL    The  Quality,  or  Timbre,  of  Heart  Murmurs 

According  to  the  peculiar  quality  that  heart  murmurs  manifest,  they 
are  designated  as  blowing,  rasping,  scratching,  filing,  musical,  aspirative, 
etc  Though  these  variations  in  quality  must  be  due  to  the  physical  mech- 
anisms upon  which  the  murmurs  depend,  these  differences  are  as  yet  too 
poorly  understood  to  permit  us  satisfactorily  to  value  them. 

Mitral  systolic  murmurs  are  most  often  blowing  in  character,  aortic 
diastolic  most  often  aspirative.  A  musical  murmur  usually  indicates  the 
existence  of  a  vibrating  cord  in  the  course  of  the  blood  current  (loose  piece 
of  valve,  thickened  and  retracted  chordae  tendineao). 

(c)    Physical  Explanation  of  the  Origin  of  Heart  Murmurs 

Various  theories  have  been  advanced  but  the  most  generally  accepted  is 
that  which  attributes  the  origin  of  heart  murmurs  to  the  formation  of  a 
"liquid  vein,"  at  a  point  where  the  blood  passes  through  a  narrow  channel 
connecting  two  cavities.  Such  a  "liquid  vein"  is  prone  to  be  formed  at  the 
point  where  the  blood  passes  through  the  constriction  into  the  larger  cavity. 
Under  normal  conditions  the  relations  that  exist  among  the  cavities  of 
the  heart,  the  valvular  orifices,  the  velocity  of  flow  and  the  composition  of 
the  blood  are  such  that  no  murmurs  arise,  but  an  abnormal  condition  of  the 
orifices,  a  change  in  the  velocity  of  flow  or  in  the  composition  of  the  blood 
may  give  rise  to  a  liquid  vein,  the  particles  of  which  vibrate  so  much  that 
they  cause  vibration  of  neighboring  parts  and  give  rise  to  murmurs.  Much 
experimental  work  has  been  done  in  this  connection;  generally  speaking, 
the  greater  the  velocity  of  flow,  the  greater  the  change  in  the  size  of  an  ori- 
fice; the  thinner  the  blood  and  the  rougher  the  surfaces  over  which  the 
blood  passes,  the  more  easily  do  murmurs  arise  and  the  louder  they  are. 
Sometimes,  a  murmur  arises  when,  through  the  mechanical  conditions  ex- 
isting, one  current  of  blood  opposes  or  conflicts  with  another. 

(d)    SigniAcarwe  of  Heart  Murmurs 

A  murmur  audible  over  the  heart  may  arise  inside  the  heart  (intracar- 
diac murmur)  or  outside  the  heart  (exiracardiac  or  exocardial  murmur). 
A  murmur  may  be  produced  by  organic  disease  of  the  heart  valves  (organic 
murmur),  or  it  may  be  independent  of  such  disease  (inorganic  murmur). 
Thus  an  inorganic  murmur  may  be  caused  by  a  relative  insufficiency  of  the 
valves  owing  to  the  dilatation  of  the  ring  muscle  surrounding  the  valve 
orifice  (functional  heart  murmur)  or  it  may  have  its  origin  in  conditions 
not  due  to  disease  of  the  heart  muscle  or  its  valves  (accidental  murmur),  in 
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which  case  it  may  depend  upon  an  impoverished  state  of  the  blood  (anemic 
murmur)  or  upon  increased  rapidity  of  flow  (velocity  murmurs  in  fevers) 
or  upon  causes  that  are  as  yet  unknown  to  us. 

L    Oniaiiic  Intracardiac  Mnmiiirs 

Pathological  changes  in  the  heart  valves  due  to  endocarditis  or  to 
atherosclerosis  may  lead  to  imperfect  closure  of  the  orifice  (valvular  insuffi- 
ciency)»  on  the  one  hand,  or  to  narrowing  of  the  orifice  (valvular  stenosis) 
on  the  other.  Murmurs  due  to  insufficiency  of  a  valve  will  be  produced  in 
those  phases  of  the  heart  action  during  which  the  orifice  is  normally  closed, 
whereas  murmurs  due  to  stenosis  will  arise  when  the  orifice  is  open  and  the 
blood  current  is  passing  through  it  in  the  normal  direction.  The  time  rela- 
tions of  the  murmurs  arising  at  the  four  main  orifices  of  the  heart  are  rep- 
resented in  the  following  table : 

Table  of  Organic  Murmurs 


Valves 

Insufficiency 

Stenosis 

Aortic  and  pulmonarv 
Mitral  and  tricuBpicf 

Diastolic 
Systolic 

Systolic 
Diastolic 

The  special  characters  of  these  different  murmurs  will  be  more  fully 
discussed  under  the  diagnosis  of  the  several  diseases  of  the  heart  (vide 
infra).  As  a  rule,  the  murmur  in  stenosis  is  rougher  and  shorter  and  more 
likely  to  be  accompanied  by  a  palpable  thrill,  than  the  murmur  in  insuffi- 
ciency, which  is  softer  and  more  prolonged.  Ingenious  methods  for  imi- 
tating the  heart  sounds  and  murmurs  have  been  devised  by  C.  W.  Lamed 
and  by  H.  L.  Smith ;  they  are  useful  in  didactic  work. 


iL    Inorftanic  Intracardiac  Mnrmiirs 

Clinical  experience  has  taught  us  that  murmurs  are  frequently  audible 
over  the  heart  during  life,  though  at  autopsy  no  changes  in  the  valves 
of  the  heart  are  demonstrable.  Such  murmurs,  independent  of  anatom- 
ical lesions  of  the  valves,  have  been  called  inorganic  murmurs.  That 
a  certain  number  of  these  are  due  to  imperfect  contraction  of  the  muscle 
ring  around  the  valve,  leading  to  a  functional  or  relative  insufficiency  of 
the  valvular  closure,  has  already  been  pointed  out.  Relative  insufficiencies 
of  this  sort  are  common  at  the  mitral  and  tricuspid  orifices.  They  occur 
occasionally  at  the  aortic  orifice  (relaxation  of  Stewart's  muscle  ring)  and 
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perhaps  also,  though  still  more  rarely,  at  the  pulmonic  orifice  (Graham- 
Steell  murmur  "of  high  pressure  in  the  pulmonary  artery"). 

The  term  accidental  murmurs  is  perhaps  better  reserved  for  the  mur- 
murs that  are  still  less  important  as  regards  the  condition  of  the  heart 
itself;  namely,  for  those  murmurs  depending  (1)  upon  slight  abnormali- 
ties in  the  course  of  the  contraction  of  the  heart  muscle  due  to  nervous  or 
other  influences,  (2)  upon  abnormal  composition  of  the  blood,  or  (3) 
upon  changes  in  the  velocity  of  flow. 

Accidental  systolic  murmurs  at  the  apex,  or  in  the  pvdmonary  area,  are 
occasionally  met  with  in  healthy  persons,  especially  in  children  between 
the  ages  of  10  and  14. 

In  all  forms  of  anemia,  but  especially  in  chlorosis  and  in  pernicious 
anemia,  accidental  systolic  murmurs  may  be  heard  over  the  whole  heart; 
occasionally  an  anemic  diastolic  murmur  is  audible.  Perhaps  some  of  the 
accidental  murmurs  audible  in  cachexias  may  depend  upon  the  accom- 
panying anemia. 

In  conditions  in  which  the  action  of  the  heart  is  excited  (fevers,  neu- 
rasthenia, Graves's  disease),  accidental  systolic  murmurs  are  often  audible 
in  the  pulmonary  area  and  over  the  left  ventricle.  They  appear  to 
depend  in  part  upon  increased  velocity  of  flow  and  in  part  upon  irregidar 
contraction  of  the  heart  muscle. 

A  certain  number  of  murmurs  resembling  more  or  less  closely  those 
above  described  have  their  origin  in  the  lung  during  movements  of  the 
heart  (cardiorespiratory  murmurs^  q.  v.).  I  mention  them  here  because 
they  may  closely  simulate  a  murmur  of  intracardiac  origin;  they  are, 
however,  extracardiac  in  origin.     (See  below.) 

The  criteria  for  differential  diagnosis  between  these  less  important  mur- 
murs and  the  more  important  murmurs  due  to  organic  disease  of  the  valves 
or  to  relative  insufficiency  should  be  carefully  studied.  In  general,  it  may 
be  said  that  the  less  important  munnurs  are  systolic  rather  than  diastolic 
and  that  they  are  merosystolic  rather  than  holosystolic.  They  are  less 
precisely  localizable  than  the  organic  murmurs ;  some  of  them  occur  at  sites 
in  which  organic  murmurs  are  often  audible  (apical  and  pulmonary  areas), 
but  many  of  them  are  heard  in  areas  at  which  organic  murmurs  are  rarely 
present  (left  preventricular  and  para-apical  regions). 

Accidental  murmurs  are  rarely  of  very  high  or  of  very  low  pitch; 
they  are  more  commonly  soft,  aspirative  and  superficial,  though,  occasion- 
ally, rough  and  even  rasping,  or  musical,  accidental  murmurs  may  be 
heard.  Further,  accidental  murmurs  are  as  a  rule  much  more  variable 
in  intensity  than  organic  murmurs,  especially  under  the  influence  of  the 
respiratory  movements  and  of  change  in  posture.  Most  important  of  all, 
the  accidental  murmurs  are  not  accompanied  by  those  other  changes  in  the 
heart  and  circulation  that  follow  upon  organic  diseases  of  the  valves  and 
are  demonstrable  by  other  physical  methods  of  examination. 
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3.    Extracardiac  (or  Exocardial)  Murmurs 

Among  the  abnormal  sounds  audible  over  the  heart,  synchronous  with 
its  action  but  arising  outside  its  cavities,  are: 

(a)  Pericardial  friction. 

(b)  Pleuropericardial  friction. 

(c)  Cardiorespiratory  raunnurs. 

(d)  Precordial  crackling  of  mediastinal  emphysema. 

(e)  Splashing  and  water-wheel  sounds. 

(a)    Pericardial  Friction  Sounds 

The  sounds  known  as  pericardial  friction  rubs  are  due  to  roughness  of 
the  pericardium  as  a  result  of  fibrinous  deposits  in  acute  pericarditis;  in 
rare  instances,  cancerous  nodules  in  the  pericardium  may  be  a  cause.  They 
are  usually  scratching,  interrupted  and  rough ;  the  sounds  seem  to  he  super- 
ficial, close  to  the  ear.  Most  often  they  resemble  the  sounds  emitted  when 
one  rubs  a  piece  of  silk  or  a  new  bank-note  between  the  fingers.  Occasion- 
ally, the  sound  is  like  that  of  the  creaking  of  a  new  saddle. 

A  portion  of  the  sounds  occurs  during  systole  and  a  portion  of  them 
during  diastole.  They  are  therefore  to  and  fro  sounds,  though  the  systolic 
sounds  nearly  always  predominate.  Close  attention  shows,  however,  that 
the  sounds  are  rarely  strictly  related  to  the  beginnings  of  systole  and  of 
diastole ;  they  are  more  often  mesosystolic  and  mesodiastolic.  They  may, 
in  rare  cases,  be  limited  to  the  systole,  and,  still  more  rarely,  to  diastole; 
in  the  latter  case,  especially  when  soft,  a  pericardial  rub  may  b©  mistaken 
for  the  diastolic  murmur  of  aortic  insufficiency.  Occasionally,  the  rub  is 
divided  into  three  parts  {locomotive  murmur) ^  yielding  a  f  rhythm  resem- 
bling gallop  rhythm,  or  the  rub  may  even  be  divided  into  four  parts,  due 
possibly  to  successive  rubs  during  systole  and  diastole  of  both  ventricles 
and  atria. 

Pericardial  friction  is  most  often  heard  in  the  middle  zone  of  the 
precordial  region  at  the  level  of  the  third  left  intercostal  space,  but  it  may 
be  met  with  at  the  base  in  either  the  aortic  or  pulmonary  area,  and, 
occasionally,  a  rub  is  audible  at  the  apex.  The  sounds  are  usually  limited 
to  a  rather  small  area  though  they  are  often  more  diffused;  in  rare 
instances,  a  rub  may  be  widely  propagated,  even  into  the  back,  especially  if 
there  be  a  coexisting  pneumonia  and  the  heart  be  beating  powerfully. 

It  should  be  borne  in  mind  that  a  pericardial  friction  rub  may  easily 
be  missed,  owing  to  its  feeble  intensity,  when  the  heart  is  weak. 
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A  friction  rub  is  very  easily  influenced  by  alterations  in  the  posture 
of  the  patient,  and  by  respiratory  movements.  The  intensity  is  increased 
with  the  pressure  of  the  stethoscope.  If  the  presence  of  a  rub  be  sus- 
pected, the  patient  should  be  examined  in  different  postures,  especially  in 
the  sitting  position  with  the  trunk  bent  a  little  forward;  in  the  right 
lateral  position,  it  is  well  to  listen  especially  at  the  right  margin  of  the 
heart,  and  in  the  left  lateral  position  at  the  left  margin. 

As  fluid  collects  in  the  pericardial  cavity  and  the  heart  floats  on  its 
surface,  the  rub  gradually  disappears,  remaining  longest  at  the  base. 
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(6)    Pleuropericardial  Friction  Sounds 

A  pulsatile  friction  sound,  produced  by  rubbing  of  the  outer  surface 
of  the  pericardium  against  the  pleura,  may  be  synchronous  not  only  with 
the  heart's  action  but  also  with  the  respiratory  movements.  The  portion 
of  the  sound  due  to  the  latter  will  cease  when  the  breath  is  held. 


(c)    Cardiorespiratory  Murmurs 

These  sounds,  known  also  as  pulsatile  pulmonary  sounds  (S.  J.  Gee), 
arise  in  the  lungs  chiefly  during  the  systoles  accompanying  inspiration. 
Occasionally  diastolic  sounds  are  produced,  and,  sometimes,  the  sounds 
are  audible  during  expiration  also.  The  heart  becomes  smaller  during 
systole  and  the  ingress  of  air  in  the  adjacent  lung  is  increased,  owing  to 
greater  negative  pressure  in  the  lung.  The  sounds  may  be  blowing  like 
those  of  vesicular  breathing,  or  crackles  and  rales  may  be  produced.  The 
systolic  vesicular  breathing  may  closely  resemble  a  heart  murmur.  These 
pulsatile  pulmonary  sounds  usually  cease,  or  are  markedly  modified,  when 
the  breath  is  held.    They  are  also  much  influenced  by  changes  in  posture. 

When  the  lung  is  adherent  in  front  of  the  vessels  at  the  base  of  the 
heart,  a  diastolic  murmur  sometimes  becomes  audible,  the  diastolic  retrac- 
tion of  the  aorta  causing  a  localized  aspiration  into  the  adjacent  pul- 
monary alveoli. 
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id)    Precordial  Crackling  of  Mediastinal  Emphysema 

If  there  be  air  in  the  mediastinal  tissues  (mediastinal  emphysema),  a 
crepitant  sound,  synchronous  with  the  heart's  action,  may  be  audible  over 
the  heart  and  may  closely  resemble  the  sound  emitted  by  pericardial 
friction. 

(e)    Splashing  and  Water-wheel  Sounds 

If  avr  and  fluid  occur  together  in  the  pericardial  cavity,  each  beat 
of  the  heart  may  give  rise  to  a  metallic,  ringing  splash.  Similar  sounds 
are  sometimes  heard  when  there  is  a  pulmonary  cavity  near  the  heart, 
when  a  hydropneumothorax  exists,  or  even  when  the  stomach  is  much 
distended  with  fluid  and  gas.  Sometimes  the  sound  resembles  the  clack- 
ing, or  chopping,  noise  made  by  the  floats  of  a  water-wheel  (bruit  de 
moulin  of  Bricheteau).  The  character  of  this  water-wheel  sound  varies 
according  to  the  predominance  of  the  liquid  or  of  the  gas,  or  according 
to  their  admixture.  When  the  fluid  predominates,  the  soimd  is  crepitat- 
ing, or  resembles  a  metallic  gurgle  (Stokes).  If  the  gas  be  large  in 
amount,  the  normal  sounds  of  the  heart,  or  any  pericardial  rubs  present, 
may  possess  a  metallic  consonance.  The  typical  water-wheel  sound  arises 
when  the  liquid  and  air  are  more  or  less  mixed. 

If  the  water-wheel  sound  have  an  extrapericardial  origin,  it  will  dis- 
appear when  the  patient  is  sitting,  to  reappear  when  he  lies  down ;  but  if 
it  be  intrapericardial  in  origin,  the  sound  is  heard  in  both  positions  (P. 
Reynier). 
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4.    Auscultation  of  the  Blood  Vessels 

When  listening  over  the  blood  vessels,  one  must  take  care  not  to  exert 
pressure,  unintentionally,  with  the  stethoscope ;  otherwise,  a  narrowing 
of  the  vessel  will  be  produced,  which  will  give  rise  to  a  murmur. 

(a)    Auscultation  of  the  Arteries 

One  locates  the  vessel  by  palpation  and  sets  the  bell  of  the  stethoscope 
lightly  upon  it.  Normally,  two  sounds  are  audible  in  the  subclavian  and 
the  carotid  arteries,  the  first  just  after  the  beginning  of  ventricular  sys- 
tole (arteriodiastolic) J  the  second  just  after  the  beginning  of  ventricular 
diastole  (arieriosystolic).  If  the  artery  be  pressed  upon  now  with  the 
stethoscope,  a  ventriculosystolic  stenosis  murmur  will  become  audible;  but 
if  the  pressure  be  increased  so  as  to  close  the  vessel,  a  single  tone  is 
heard  (pressure  tone).  Occasionally,  a  single  tone  (arteriodiastolic)  is 
audible  over  the  abdominal  aorta,  or  over  the  femoral  artery;  but  no 
sounds  are  audible,  normally,  over  the  other  arteries  of  the  body. 

Systolic  murmurs  due  to  narrowing  at  the  aortic  orifice  are  often 
propagated  into  the  carotid  and  the  subclavian  arteries.  When  the  aortic 
second  sound  is  absent,  as  in  some  cases  of  aortic  insuflSciency,  no  arterio- 
systolic  tones  are  heard  in  the  great  vessels. 

When  a  Corrigan  pulse  exists  (see  Pulsus  celer),  the  pulse  wave 
rising  quickly  and  sinking  again  very  rapidly,  an  arteriodiastolic  murmur 
is  often  audible  in  the  arteries  of  the  neck,  and  an  arteriodiastolic  tone 
over  the  femoral  and  the  brachial  and,  sometimes,  over  the  smaller  arteries. 
The  phenomenon  is  most  often  met  with  in  aortic  insufficiency,  but  it 
may  also  be  encountered  in  Graves's  disease,  in  fever,  and  even  in  nervous 
palpitation.  Wlien  a  very  loud  sound  is  audible,  it  is  spoken  of  as  a 
"pistol-shot  soimd." 

Arterial  murmurs  are  sometimes  audible  over  the  aorta  and  over  the 
carotid  arteries  in  arteriosclerosis  of  the  aorta ;  these  are  supposed  to  be 
due  to  the  friction  of  the  blood  against  the  roughened  intima. 

In  aortic  insufficiency,  on  listening  over  the  femoral  artery,  two  tones, 
quickly  following  one  another,  are  sometimes  to  be  heard  (Traube*s  double 
tone).  On  slight  pressure  with  the  stethoscope,  these  tones  disappear  and 
one  hears,  first,  a  normal  pressure  murmur,  and  later,  on  stronger  pressure, 
a  second  murmur  (Duroziez's  double  murmur).  If  the  pressure  be  still 
further  increased,  one  hears  only  the  normal  pressure  tone.  The  double 
murmur  of  Duroziez  may  be  heard  also,  sometimes,  in  chlorosis  and  in 
Graves's  disease. 

Any  compression  of  an  artery  may  give  rise  to  a  stenosis  murmur. 
Use  is  made  of  this  fact  in  the  auscultatory  method  of  determining  maxi- 
mal and  minimal  blood  pressure  (q.  v.). 
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It  is  possible  that  some  of  the  murmurs  audible,  at  times,  in  the  second 
left  intercostal  space  in  pulmonary  tuberculosis  may  be  due  to  compression 
of  the  pulmonary  artery  by  the  tuberculous  changes  in  the  lungs  or  by 
enlarged  bronchial  glands.  Similarly,  the  murmur  sometimes  audible 
over  the  subclavian  artery  in  apical  tuberculosis  may  be  due  to  com- 
pression of  the  artery  from  pleural  adhesions. 
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(b)    Auscultation  of  the  Right  Jugular  Vein 

The  stethoscope  is  placed  over  the  sternal  attachment  of  the  right  M. 
stemocleidomastoideus,  the  patient  sitting  or  standing  (not  lying)  with 
the  head  turned  toward  the  left. 

In  the  jugular  vein  certain  sounds  become  audible  under  abnormal 
conditions;  they  include  (1)  the  venous  hum,  and  (2)  the  venous  tone. 

Venous  Hum. — In  anemic  patients,  especially  in  chlorosis,  and  occa- 
sionally in  healthy  people,  a  continuous  blowing,  singing  or  humming 
murmur,  with  cardiosystolic  accentuation,  loudest  during  inspiration,  is 
audible  (humming'top  murmur,  bruit  de  dmble).  It  is  due  to  the  pro- 
duction of  a  liquid  vein  in  the  blood  flowing  into  the  widened  bulbus  of 
the  V.  jugularis. 

Less  continuous,  more  intermittent,  venous  murmurs  are  unimportant 

Venous  Tone. — This  is  sometimes  audible,  in  the  same  situation,  in 
tricuspid  insufficiency;  it  is  due  to  sudden  tension  of  the  dilated  vein 
when  the  blood  propelled  by  the  contracting  right  ventricle  rushes  into  it. 
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D.    Methods  of  Examining  the  Movements 
of  the  Heart  and  Blood  Vessels 

The  signs  of  the  activity  of  the  heart  include  the  heart  sounds  (q.  v.), 
and  certain  movements  of  the  heart  and  blood  vessels  that  are  accessible 
to  clinical  examination.  These  movements  are  visible  and  palpable  as 
pulsations  in  the  heart  and  its  neighborhood  and  in  the  arteries  and  veins 
of  the  body.  The  movements  can  be  most  accurately  analyzed  by  means 
of  instruments  of  precision  yielding  graphic  records. 

L    Inspection  of  the  Movement  of  the  Heart  and 

Blood  Vessels 

Every  examination  of  the  circulatory  system  should  be  begun  by  a 
careful  inspection  of  the  naked  parts  in  which  movements  of  the  heart 
or  vessels  are  visible  in  normal  and  abnormal  states.  The  movements 
include : 

1.  The  apex  beat,  in  which  inspection  is  helpful  chiefly  in  the  locali- 
zation of  the  area  of  palpation ; 

2.  Precordial  movements,  other  than  those  of  tlio  apex  beat,  includ- 
ing w^avelike  movements  over  the  right  ventricle,  retractions  at  the  base 
and  apex,  and  pulsations  in  the  aortic  and  pulmonary  areas ; 

3.  Movements  in  the  left  inferior  thorax  {Broadhent's  sign) ; 

4.  Abdominal  jmlsaiion; 

5.  Visible  pulsations  in  the  peripheral  arteries  and  veins;  and 

6.  The  capillary  pulse. 

The  patient  should  be  examined  in  at  least  two  positions:  (a)  the 
recumbent  position,  with  the  upper  part  of  the  body  slightly  elevated, 
the  patient  being  kept  as  quiet  and  free  from  emotional  disturbance  as 
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possible;  and  (b)  the  sitting  or  standing  position,  in  profile  view,  with 
the  eyes  of  the  examiner  on  a  level  with  the  part  inspected.  On  looking 
for  a  capillary  pulse,  the  patient's  hand  should  be  elevated,  and  the 
quick  of  the  finger  nails  observed  for  alternating  flushing  and  pallor. 

The  data  of  inspection  useful  in  detecting  anomalies  of  the  size  and 
position  of  the  heart  have  already  been  referred  to  under  that  heading. 
Here  we  have  to  deal  with  the  data  useful  in  the  detection  of  anomalies 
in  the  movements  of  the  circulatory  organs.  For  convenience,  these  will 
be  discussed  together  with  the  findings  that  are  yielded  by  palpation  and 
by  the  application  of  instrumental  methods. 


2.    Palpation  of  the  Movements  of  the  Heart  and  of 

the  Blood  Vessels 

With  the  hand,  most  of  the  movements  mentioned  under  inspection 
can  be  distinctly  felt,  and  a  number  of  movements  that  cannot  be  seen  are 
recognizable  by  palpation.  Thus,  for  example,  an  apex  beat  that  is  invis- 
ible may  sometimes  be  felt;  various  invisible  shocks  and  thrills  are  pal- 
pable ;  and,  in  addition,  details  of  the  movements  of  the  blood  vessels  that 
are  not  accessible  to  inspection  can  be  made  out  on  palpation. 

In  practicing  palpation,  the  palm  of  the  hand  (the  tips  of  fingers 
for  the  pulse)  is  applied  lightly  and  with  varying  degrees  of  pressure 
upon  the  area  to  be  examined.  One  should  palpate  not  only  the  region 
of  the  apex  of  the  heart  but  also  the  whole  precordial  area,  the  axilla, 
the  vessels  in  the  neck,  the  epigastric  and  hepatic  regions  and  the  more 
superficial  vessels  in  various  parts  of  the  body,  including,  of  course,  the 
radial  pulse. 

3.    Instruments  for  Mechanical  Registration  of  Move- 
ments of  the  Circulatory  Apparatus 

Thanks  to  the  studies  of  physiologists,  clinicians  have  been  able  to 
apply  very  exact  mechanical  methods  of  registration  to  many  of  the 
movements  we  are  here  considering.  The  movements  of  the  walls  of  the 
peripheral  arteries  and  veins  due  to  pressure  changes  within,  can  be 
mechanically  recorded  as  sphygmographic  pulse-tracings  (arteriograms, 
phlebograms)  y  and  the  movements  of  the  apex  beat  and  of  the  right  ven- 
tricle in  the  precordium,  by  the  same  or  a  similar  instrument,  as  car- 
diosphygmograms.  By  registering  the  pulsations  of  a  column  of  air  iu 
a  stomach  tube,  as  an  esophageal  cardiogram,  we  have  a  clew  to  the 
contractions  of  the  left  atrium.  Of  the  many  instruments  that  have 
been  devised  for  these  purposes,  the  two  most  commonly  in  use  at  the 
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present  time  are  the  ink-polygraph  of  James  Mackenzie  and  the  cardio- 
sphygraograph  of  Jaquet. 

The  movements  of  the  heart  and  aorta  can  be  observed  and  rcgiafored 
in  the  form  of  rontgenograms  and  cinetnatograms. 

The  electrocardiograph  permits  us  to  register  graphically  the  elec- 
trical action  currents  that  arise  in  the  heart  muscle  during  the  excitation 
that  precedes  contraction,  and  we  can,  therefore,  through  the  resulting 
electrocardiograms,  get  information  that  indirectly  informs  us  of  the 
cardiac  movements  that  immediately  follow  such  excitations. 

The  volume  pulse  can  be  mechanically  recorded  in  the  form  of  plethya- 
mogratns,  and  the  velocity  pulse  in  the  form  of  tachograms. 

(a)     The  Sphygmograph 

Considerable  practice  is  required  in  order  to  gain  skill  in  the  use  of 
the  sphygmograph.  The  older  instruments  of  Vierordt,  Marey,  and 
Dudgeon  have  given  way  to  the  modifications  devised  by  Jaquet  and  by 
Mackenzie.  The  instruments  now  in  use  are  polygraphic,  recording 
simultaneously  the  heart  tracing  (or  cardiogram),  the  arterial  pulse 
tracing  (or  arteriogram),  and  the  venous  pulse  tracing  (or  phlcbogram). 

i.    James  Mackenzie's  ImKOved  Ink-polyitr^h 

This  instrument  resulted  from  the  long  study  of  the  pulse  by  James  Mackenzie 
when  he  vas  a  general  practitioner  in  a  small  town  in  England.    The  apparatus 


Fix.  £0e. — Tbla  Imtniaient  Records  Two  SlmnltaDeous  TradaKs  Onli>,  L  e.,  Badtal  Pnlse.  and 
One  Other,  Sucb  as  Carotid.  Jugular.  Apex  Boat,  etc.,  and  Wrltea  Wltb  Ink  on  Glaied 
Paper.  The  Clotkwork  Opcralea  at  Variable  Speeds.  (By  eourtear  of  A.  H.  Tbomaa  Co.. 
Pblladelpbla.) 
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is  convenient  and  is  satiefacUiry  for  clinical  purposes.  There  are  ttii«e  reoeivera — 
one  for  the  heart,  one  for  the  vein,  and  one  for  the  artery.  "The  levei^  bear  ink 
pens  and  write  upon  an  endless  roll  of  white  paper." 


n.    Jmiuel's  CardioqihrifnHX^li 

The  models  now  in  use  make  three  tracings,  simultaneously,  in  addition  to  the 
time-marker  cnrve   H  sec.). 


Tig.  209. — Jflquet  Cardlosphygmograiih,  Two  Tambour  Type,  With  Arm  Rest,  In  Poslttoti  for 
Recording  Brachial  Pulse  and  Hbowlng  Cardiograph  Attached  for  Taking  Apex  Beat  and 
ItecelTlDK  Tambour  lor  Taltlns  Ooe  Other  Traclue  Ruch  as  JueuIbc  or  Carotid  I'ulM. 
Reproduced  from  Arllcle  by  Dr.  Geo.  W.  N'orrJs,  "Madera  Instruments  of  Precision  in  tbe 
Study  or  CardloTaseulBr  Disease."  In  iDlernatlanBl  Cllulcs,  Vol.  IV,  Twenty-Brat  Serlea. 
(By  courtesy  of  A.  II.  Tbomas  Co.,  l^hlladelpbla.) 


iu.    Hirschfelder's  Modification  of  (he  Erlan^  Appanhn 

This  is  an  ingenious  po]yerai)h,  "in  which  two  small  Marey  tambonis  and  a 
time-marker  are  arranged  to  write  above  the  lever  of  Erlanger's  blood-pressure 
apparatus."  When  the  bag  is  inflated  upon  the  arm,  the  brachial  pulse  is  recorded 
by  the  lever  of  the  blood-presaure  apparatus  and  this  arteriogram  is  used  as  the 
standard  instead  of  a  tracing  from  the  radial  or  the  carotid.  Curves  from  tbe 
jugular  vein  and  from  the  precordial  area  are  simultaneously  recorded.  In 
UskofTs  sphygmotonograph  there  is  a  similar  arrangement  for  recording  dmul- 
taneously  the  height  of  the  blood -pressure  curve  and  another  tracing  from  apex, 
vein,  or  artery.  In  Fig.  211,  a  new  portable  jiolygraph  that  is  very  satisfactory 
is  pictured. 
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FlB.  211. — Xew  Portable  PolygrEph.  Three  RpcordliiK  Tambour*.  SphrKmomanomptrr  for 
Itlood  rrpHHuro  and  Cuff  for  Krroidlag  UrBchlal  I'ulw  1'ndpr  Varying  rrrssurr.  Tro 
RerdviDg  Tumboms  for  Jugulnr.  etr.  Cardli.KiBph  for  Taklns  Apri  Trai-iug.  Bolls  of 
I'repared  Bmokinl  I'apvr  SO  Meters  Long.  (Uy  courKvy  of  A.  II.  Thomas  Co.,  I'blla- 
dvlphla.) 

hi.    Other  Spby^mo^raphs 

Tbe  French  instrument  o£  Vt-rdun  is  an  excellent  one,  as  is  also  A.  Q.  Oibson's 
upright  polygrapb. 

The  micrograph  used  by  Crehorc  and  Meara  is  an  extremely  delicate  instnimeiiL 

One  of  the  most  complete  instruments  at  present  on  the  market  is  that  of 

Frank  and  Petter.     Recently,  Frank  has  introduced  a  mirror-aphygmograpli,  in 

which  a  mirror  is  attached  to  the  receiving  pelotte,  and  a  ligbt-ray  thrown  upon 

this  mirror  is  reflected  upon  a  pbott^aphic  registering  apparatus. 


Hinchfelder  (A.  D.).    Graphic  methoitK  in  the  duily  of  canlUic  dixeaien.     Am.  J.  .H.  Sf., 

PhiUuiclphia  A  S'eu!  York.  1906.  cxxrii.  STSSHS. 
JoQUet  1.4. ).     Der  Knrditmphyfpnagraph.     Verhandl.  d.  Knugr.  /.  inncre  Med.,  WKdrntex, 

1901.  xU,  579-588. 

Mackenzie  (Jame»).     The  study  of  the  puUe  and  the  movententt  of  the  heart.     Nea  Yiwi, 

1902,  MaemiUan  Company.     SSI  p. 
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Norris  (G.  W.),    Modem  inslrumerUs  of  precision  in  the  study  of  cardio-vaacular  disease, 

Internet.  Clin,,  Philadelphia,  1911,  21.  «..  iv,  60-71.     7  pi. 

better  (J.).     Die  Leistungen  des  Sphygmographen,    I.  Ahhandlung.    Theorie  des  Sphyg- 

mographen.    II.  SpezieUe  Kritik  der  Sphygmographie.    Ztschr,  f.  Bici,, 
Munchen  u.  Berlin,  1908,  li,  3S5S84. 

Vaschide  (N.)  &  Lahy  (/.  MJ),     La  techrdqiie  sphygmographique.     Rev.  de  mid.,  Paris, 

1904,  xxiv,  165;  220. 

(6)     The  Plethysmograph;   Volume  Pulse 

This  is  used  but  little  clinically.  The  periodic  dilatation  of  the 
arteries  causes  a  rhythmical  variation  in  the  volume  of  the  arm.  With 
the  plethysmograph,  this  variation  is  recorded  in  the  form  of  a  curve, 
called  a  plethysmogram. 

The  apparatus  consists  of  a  cylinder  for  receiving  one  upper  extrem- 
ity. The  space  in  the  cylinder  between  it  and  the  arm  is  filled  with 
water  or  air  and  the  pulsations  due  to  changes  in  volume  are  transmitted 
by  means  of  a  tambour  and  lever  to  a  revolving  drum.  The  tracing 
gives  us  information  regarding  the  volume  of  the  pulse  and  the  readings 
are  absolute  when  the  apparatus  is  so  calibrated  that  1  mm.  of  ordinate 
in  the  tracing  corresponds  to  a  definite  number  of  cubic  millimeters  (or 
centimeters)  of  increase  in  volume. 

Morawitz  (1907)  appUed  it  to  determine  the  amount  of  blood  present  in  the 
ann  included  in  the  instrument,  and  tried  to  draw  deductions  therefrom  as  to  the 
total  amount  of  blood  in  the  body.  Weber  has  used  the  plethysmograph  to  study 
the  volume-changes  accompanying  psychic  processes. 
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(c)    The  Tachograph;  Velocity  Pulse 

The  speed  with  which  the  volume  of  an  arm  changes  can  be  roughly  measured 
by  a  tachograph  (v.  Elries;  Frank).  A  little  illuminating  gas  is  allowed  to  pass 
through  a  chamber  surrounding  an  arm  and  is  lighted.  As  the  arm  increases  in 
volume,  the  flame  rises;  as  it  decreases  in  volume,  the  flame  falls.  The  alterations 
in  the  height  of  the  flame  are  greater  when  the  volume-change  is  rapid.  By  photo- 
graphic registration  of  the  flame  on  bromide  paper,  a  curve  known  as  a  tachogram 
is  obtained,  which  represents  the  rhythmical  alterations  of  the  velocity  of  the  blood 
flow  in  the  arteries  (assuming  that  the  current  velocity  in  the  veins  is  constant). 


752     DISEASES    OF    THE    CIRCULATORY    APPARATUS 

By  registering  simultaneously  changes  in  current  velocity  and  blood  pressure, 
conclusions  can  be  drawn  as  to  alterations  in  the  force  of  the  heart.  If  the  changes 
in  pressure  and  in  velocity  are  in  opposite  directions  the  cause  is  to  be  sought  in 
changes  in  the  peripheral  resistance;  the  plethysmogram  may  then  be  used  as  a 
control. 

T.  G.  Brodie  has  used  a  special  method  for  estimating  the  blood  flow  in  an 
organ.  He  suddenly  occludes  its  efferent  vein  and  measures  the  change  of  volume 
of  the  organ  by  an  oncometer.  The  arterial  blood  enters  without  diminished  speed 
at  first,  but  the  flow  is  soon  retarded,  owing  to  the  rise  of  pressure  in  the  veins 
and  capillaries ;  thus  the  organ  swells  rapidly  at  first,  and  afterwards  progressively 
more  slowly.  The  early  portion  of  the  curve  is  said  to  represent  the  rate  at  which 
the  blood  enters  under  normal  conditions.  Hewlett  and  Van  Zwaluwenburg  have 
applied  Brodie's  principle  to  determine  the  rate  of  flow  in  the  arm  of  man. 
They  apply  a  distensible  cufl  similar  to  that  used  for  determining  arterial  pressure 
and  then  try  to  adjust  the  pressure  in  the  cuff  so  that  the  veins  shall  be  occluded 
while  the  arteries  are  left  open.  They  record  the  resultant  changes  in  the  volume 
of  the  arm  by  means  of  a  plethysmograph  and  a  Brodie  volimie-recorder. 

Stewart  (191.1)  has  worked  out  a  method  that  permits  the  quantity  of  blood 
passing  through  a  part  like  the  hand  to  be  easily  determined  with  approximate 
accuracy.  The  method  is  based  upon  the  fact  that  the  amount  of  heat  produced  by 
a  part  like  the  hand  during  rest  is  negligible  in  comparison  with  the  heat  conveyed 
to  it  by  the  arterial  blood.  The  amount  of  heat  given  off  by  the  hand  to  a  calo- 
rimeter in  a  g^ven  time  is  determined  and  also  the  temperature  of  the  incoming 
(arterial)  and  of  the  outgoing  (venous)  blood.  From  the  data  thus  secured  the 
amount  of  blood  that  must  have  passed  through  the  hand  to  give  off  this  amount 
of  heat  can  ie  calculated. 

The  method  for  the  measurement  of  the  flow  in  the  hands  has  also  been  modified 
by  Stewart  to  apply  to  the  feet,  thus  making  it  possible  to  secure  observations  on 
persons  too  ill  to  sit  in  a  chair  for  hand-flow  measurements. 

Stewart  has  made  careful  studies  of  the  blood  flow  in  several  forms  of  anemia, 
in  fever,  in  diseases  of  the  heart,  in  arteriosclerosis  and  thoracic  aneurism,  in 
peripheral  neuritis,  in  hemiplegia,  in  certain  pulmonary  diseases,  and  in  Graves's 
disease.  The  results  are  summarized  in  his  lecture  before  the  Harvey  Society  of 
New  York  (1912). 
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(d)    Rontgenoteopy  and  Cinematographs  of  the  Movements  of 
the  Heart  and  the  Aorta 

Besides  the  important  iriforniation  afforded  concerning  tlie  form  and 
position  of  the  cardiovascular  shadow,  rontgenoscopy  also  yields  us  inter- 
esting data  regarding  the  movements  and  pulsations  of  the  great  vessels 
and  the  several  heart  chambers.  With  each  systole  of  the  normal  heart 
one  can  see  a  shrinking  in  the  region  of  the  lower  left  lateral  curve  (con- 
traction of  the  left  ventricle)  and  often  a  bulging  of  the  upper  left  lateral 
curve  (expansion  of  the  aorta).  Occasionally,  systolic  expansion  of  the 
middle  curve  on  the  left  can  I*  made  oiit  (pnlmonary  artery  in  patent 
ductus  Botalli  and  occasionally  in  mitral  disease).  In  tricuspid  insuffi- 
ciency it  is  sometimes  possible  to  see  a  systolic  expansion  of  the  lower 
right  curve  due  to  reflux  of  blood  into  the  right  atrium  on  ventricular 
aystole.  Ventricular  extrasystoles  can  also  be  observed  fluoroscopically. 
The  beginner  should  practice  on  bradycardiac  patients,  as  the  longer  inter- 
val between  systoles  makes  the  observation  easier. 

Great  practical  importance  in  diagnosis  accrues  to  rontgenoscopic 
examination  of  the  movements  of  the  walls  of  the  aorta  in  aneurism  (ij.  v.). 

Cinematographic  ronfgenograms  of  the  heart  movements  have  been 
made  but  as  yet  have  not  attained  to  clinical  importance. 
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(e)     The  Electroeardiograph 

As  bas  long  been  known,  the  excited  part  of 
a  strip  of  muscle  behaves  elect ronega lively  toward 
the  unexcited  part.  If  an  excitation  extends  along 
a  muscle  from  one  end  to  the  other,  each  part  be- 
comes successively  electronegative  as  the  wave  of 
excitation  passes  nver  it.  Thjis,  if  a  heating  heart 
be  connected  with  a  galvanometer,  and  the  deflec- 
tions of  the  needle  be  photographed,  a  curve  known 
as  an  electrocardiogram  is  obtained.  Waller 
showed  that  the  action  currents  could  be  led  off 
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from  the  human  heart  by  applying  electrodes  to  the  extremities,  those  aris- 
iog  at  the  base  of  the  heart  being  led  off  from  the  right  arm,  those  from 

the  apex  from  the 
left  arm  or  the  left 
1^.  Waller  used  the 
rather  sluggish  capil- 
lary electrometer.  A 
|L  great  step  forward 
was  made  when  Ein- 
thoven  de^'ised  his 
delicate  string  gal- 
vanometer. The 
early  heart  stations 
were  equipped  with 
Edelmann's  constnio- 
tion  of  the  Eintho- 
ven  apparatus.  Re- 
cently, the  conven- 
ient  Cambridge 
electrocardiograph 
has  come  into  T(^e. 

Dr.  H.  B.  WiUiADu 
of  New  York  has  re- 
cently designed  an  in- 

;  stmment  similar  in 
cliaraeter  to  the  origi- 
nal Einthoven  instra- 
ment,  but  the  outfit  u 
a  wbole  is  less  expen- 
sive. It  is  accunte, 
convenient  of  manipa- 
lation,  and  is  prorided 
with  all  necessary  ad- 
justments, including  fo- 
cusing fine  adjustments 
and  aecurat«  centering 
devices  for  both  micro- 
Bcopes,  micrometer  cen- 
tering errangements  for 
the  upper  and  lower 
ends  of  the  string  and 
a  very  fine  micrometer 
for  adjusting  the  ten- 
sion of  the  string. 
The  string  can  be  eas- 

r  tbe  entire  working  n 


Fl«.  213. — Small  Elect rocsrdloerBph,  Edclmann  Model.  New 
Slmptlflcd  ElectrorsrdlOErapblc  Oulflt.  Complrtc  wllb 
L  Arc  Ijimp,  G  Klntbovra  String  GalTanoiDctcr  with 
rcrmsnent  Msgapt,  M  Projection  Microscope,  B'  B'  S' 
and  S'  Kk'clrlo  IIcvIcvh  toe  DoIeriiilnlDK  (he  Benglblllir 
of  thp  GHlvanomptpr  and  for  Conipenaatloi)  of  Skin 
CiirreDlii,  Photographic  RrglNlpr.  Electrodes  and  Stand. 
ThiB  Outnt  In  One  ot  the  Lalest  and  I.owcut  rrlted 
Complete  InatallalloDa  tai  Ihe  Taking  o(  Elcctmcardlo- 
graniB.      (Br   courtesy  ot  A.   II.   Thomas   Co.,   I'hlladel- 


ily  adjusted  so  tbat  it  can  be  t^htened  and  loosened  c 


without  material  change  of  focus  a 
strength  of  current  for  8  cm.  either  a 


The  deflections  are  proportional  to  tbe 
a  at  the  usnal  magnification  of  90' 
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diameters.  The  lenses  are  made  by  the  Spencer  Lena  Company  of  Buffalo,  the 
projection  lens  being  a  4  mm.  apochromatie.  The  entire  instrument  is  so  rigfid 
as  to  be  but  little  affected  by  external  vibrations  and  for  clinical  purposes  it  caa 


Fig.  214. — Large  Electrocardlograpb.  Cambridge  Model.  (A)  The  Elntbovea  String  Gal- 
Taoometer  ConalBts  of  a  Fine  Silvered  Glass  Fiber,  Siupended  Betveea  tbe  Poles  ol  a 
Poverfal  EleelromBgnct  Tblit  Fiber  or  "String"  Moves  In  Regponse  to  the  Minute  Cur- 
rents Generated  by  the  Anion  ef  the  Heart:  (B)  tbe  Camera  rhotographlcally  Records 
the  Hagaifled  Moiemenla  of  the  Fiber;  (C)  tbe  Aulomatk  Arc  Lamp  Produees  the 
Shadow  (wblcb  Is  Photograiihedl  ot  the  Fiber;  (D)  tbe  Control  Board  Fnellltatea  the 
Making  of  the  Neceasar;  Teats  and  ConDeetlona :  (E>  the  Time-marker  Automatleallr 
Marks  the  Time  iDterrals  an  tbe  Record:  (Fl  the  Electrodes  by  which  the  Patient  la 
Connected  to  tbe  Ipstrument ;  the  Swilthboard  <G)  Carries  all  Power  Switches  and 
Connections.     (By  courteB;  of  Taylor  Instrument  Co.,  Rochester.  N.  T.) 

be  placed  opon  a  solid  wooden  table  in  any  reasonably  substantial  building.  The 
veight  of  tbe  apparatus  is  about  180  pounds.  It  is  roade  by  the  mechanician, 
C.  F.  Hindle  of  ElmhurBt,  N.  T. 

Tbe  resistance  box  arrangements  far  use  with  the  instrument  are  made  by 
Leeds  and  Northrup  of  Philadelphia  after  suggestions  made  by  Dr.  Williams. 
The  whole  outfit  will  be  described  in  detail  in  the  American  Journal  of  Physiol- 
ogy. I  am  indebted  to  Dr.  H.  B.  Williams  for  advance  information  regarding  it. 
It  is  gratifying  that  a  really  satisfactory  apparatus  is  now  made  in  this  country. 

In  these  instruments,  the  movements  of  the  string  are  magnified  and 
projected  through  a  slit  upon  a  moving  photographic  film  or  plate.  The 
electrocardiogram  thus  obtained  is  remarkably  constant  in  health.  In 
diseased  conditions,  striking  deviations  from  the  normal  curve  may  be 
obtained,  and  they  have  proved  to  be  valuable  for  diagnosis. 

The  technic,  though  complicated,  can  easily  be  learned  in  a  properly 
equipped  heart  station.  For  the  details,  my  paper  on  electrocardiography 
and  electrophonography  may  he  consulted. 
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Several  modes  of  leadinfif  off  the  current  are  iised.     For  eliDical  pur- 
poses, three  leads  suffice.     These  are  known  as : 

Lead  (or  Derivation)  I  —  Kight  arm  and  left  arm. 
Lead  (or  Derivation)  II  —  Eight  arm  and  left  leg. 
Lead  (or  Derivation)  III  =  Left  arm  and  left  leg. 
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Siace  the  form  of  the  electrocardiogram  is  to  aome  extent  afTected  by 
tlie  posture  of  the  body,  it  is  desirable  to  examine  patients  always  in  one 


position,  say  the  recumbent  posture.    A  description  of  the  normal  and  of 
pathological  electrocardiograms  will  be  given  farther  on. 
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E.    Analysis  of  the  Movements  of  the  Heart 
and  Vessels  as  Studied  Clinically 

We  may  now  pass  to  an  analysis  of  the  several  movements  the  study 
of  which  may  be  helpful  in  clinical  diagnosis. 

1.    The  Apex  Beat  of  the  Heart 

The  determination!  of  the  position  of  this  has  already  been  discussed. 
The  features  of  the  apex  beat  that  we  are  concerned  with  here  include: 
(a)  The  extent  of  the  beat;  (b)  its  strength;  (c)  its  resistance  to  com- 
pression; (d)  its  exact  form  and  the  relations  of  the  details  of  this  to 
happenings  within  the  heart  and  vessels ;  and  (e)  its  rhythm. 
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(a)    The  Extent  of  the  Apex  Beat 

In  extent,  the  area  of  the  apex  beat  varies  greatly  both  in  health  and 
in  disease.  In  some  instances  no  apex  beat  is  visible  or  palpable.  Usually, 
in  health,  it  occupies  an  area  10  to  15  mm.  in  diameter,  but  anything 
that  excites  the  heart  (emotion,  sudden  change  of  posture,  exertion) 
will  give  rise  to  a  more  diffuse  pulsation. 

Temporary  changes  in  extent  of  the  apex  beat  are  of  but  little  clinical 
significance,  but  a  permanent  enlargement  of  the  area  indicates  hyper- 
trophy or  dilatation  of  the  left  or  of  the  right  ventricle  or  of  botk 

When  the  left  ventricle  alone  is  enlarged,  as  in  some  cases  of  aortic 
insufficiency,  the  apex  beat  may  be  tolerably  well  circumscribed,  pre- 
senting a  rounded  elevation  resembling  a  segment  of  a  small  sphere  (choc 
en  dome),  Wlien  this  domelike  impulse  coexists  with  enlargement  of 
the  heart,  as  revealed  by  percussion,  and  with  throbbing  arteries  (pulsus 
celer),  it  is  pathognomonic  of  aortic  insufficiency,  even  in  the  absence  of  a 
diastolic  murmur  (Bard), 

A  more  diffuse  shock  is  met  with  when  both  ventricles  are  hypertro- 
phied  and  dilated  (renal  heart,  chronic  alcoholism,  arteriosclerosis,  some 
forms  of  valvular  disease).  The  area  is  larger  and  the  elevation  is  some- 
what elongated,  resembling  the  curve  of  an  upturned  boat,  or  of  an  arch  of 
a  cathedral  (choc  globuleux  of  Bard). 
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(6)     The  Strength  of  the  Apex  Beat 

The  strength  of  the  apex  beat,  as  felt  by  the  palpating  hand,  also 
varies  within  wide  limits.  An  enfeebled  apex  beat  does  not  always  indi- 
cate disease  of  the  heart ;  it  may  depend  npon  pulmonary  emphysema,  or 
upon  obesity.  Only  when  in  the  course  of  observation  an  apex  beat  that 
has  been  strong  is  noticed  to  grow  weaker,  is  it  an  indication  of  enfeeble- 
ment  of  the  heart  muscle  accompanyipg  dilatation.  Thus,  in  acute  in- 
fectious diseases,  particularly  in  acute  rheumatism,  such  a  change  should 
make  one  suspect  the  development  of  a  cardiac  complication. 

The  apex  beat  may  be  feeble,  even  when  the  heart  is  hypertrophied 
and  the  blood  pressure  high,  as  in  some  cases  of  contracted  kidney  and 
arteriosclerosis.  In  this  case,  the  feeble  heart  may  point  to  a  failing  heart- 
muscle. 

The  energy  of  the  apex  beat  is  often  apparently  increased  in  fevers 
when  the  contractions  of  the  heart  are  really  less  vigorous  than  normal. 
This  apparent  increase  in  energy  is  probably  due  to  the.  abruptness  and 
brevity  of  the  weakened  ventricular  systoles.  Contractions  of  the  heart 
that  give  rise  to  what  seem  to  be  violent  apex  beats  have  often  little  effect 
upon  the  blood  pressure,  as  one  can  readily  observe  in  paroxysmal  tachy- 
cardia. 

(c)    The  Resistance  of  the  Apex  Beat  to  Compression 

The  resistance  of  the  apex  beat  to  compression  is  a  better  guide  to  the 
vigor  of  the  contracting  heart  than  is  the  apparent  energy  of  the  beat 
itself.  The  hypertrophied  left  ventricle  in  aortic  insufficiency  gives  rise 
to  an  apex  beat  (choc  en  dome),  mentioned  above,  \vhich  is  markedly 
resistant  to  the  pressure  of  the  palpating  hand.  The  determination  of 
the  resistance  of  the  apex  beat  to  compression  is  therefore  of  considerable 
diagnostic  importance. 
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(d)    The  Exact  Form  of  the  Apex  Beat  as  Revealed  in  the  Cardiogram 

The  exact  form  of  the  elevation  known  as  the  apex  beat  and  the  rela- 
tions of  the  details  of  this  to  the  happenings  within  the  heart  itself  can 
be  studied  best  with  the  aid  of  graphic  records. 
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Graphic  curves  of  the  apex  beat,  cardiograms,  can  be  secured  by  the 
use  of  Jaquet'a  cardiosphygniograph  or  of  Mackenzie's  polygraph,  A 
cardiogram  represents  partly  a  pressure  curve  and  partly  a  volume  curve, 
for  changes  in  volume  as  well  aa  changes  in  pressure  of  the  heart  during 
systole  will  modify  the  eur\-e.  Of  all  sphygmographic  curves,  the  car- 
diogram is  the  most  difficult  satisfactorily  to  interpret.  Clinicians  have 
accordingly  made  but  relatively  little  use  of  it. 

The  ordinary  form  of  curve  obtained  is  a  trapeze.  Often  there  ia  a 
small  wave  (due  to  atrial  contraction)  just  preceding  the  main  elevation. 
Sometimes  this  is  fused  with  the  ascending  limb  of  the  main  elevation,  in 
which  event  the  curve  rises  almost  perpendicularly  to  its  height,  then 
falls  a  little,  after  which  a  plateau  is  fonned,  followed  by  an  almost  per- 
pendicular fall  of  the  descending  limb. 

A  second  form  of  cardiogram,  by  no  means  uncommon,  is  the  jerking, 
or  quickly  rebounding,  type,  in  which  the  ascending  and  descending  Hmba 
of  the  curve  form  the  two  sides  of  a  triangle. 

In  making  a  cardiogram  of  the  a(«x  beat,  care  should  be  taken  tn 
distinguish  between  the  true  ajx-x  fonned  by  the  left  ventricle  and  eleva- 
tions medial  therefrom  due  to  the  right  ventricle.  A  comparisim  of  the 
cardiogram  with  a  simultaneous  arteriogram  of  the  carotid  artery  makes 
analysis  much  easier.    The  ascending  limb  of  the  cardiogram  corresponds 


FIk.  216. — CardloirTaiii,  Fhlc^Mwrilin  and  Arteriogram  Id  a  pprwiii  PreBentlDK  a  Third  Brtrt 
Suiind  irrolncllnstollc  Catlop).  NormB]  Itrait.  Tlic  VppfT  Tracing  Is  from  the  Jugular 
Vi'ln:  (be  Middle  Trarliig  Ih  thp  Apci-i'nrdloKrBiii ;  the  I.owvKt  Traclnjc  In  rrom  the 
Hrafhial  Artei'y-  Th(>  Time  ReKlHti'm  Ti'niliH  of  SiTuada.  Tho  Third  Heart  Snand 
(ta'iirs  at  tile  l-olnt  Marki-d  -2-  In  the  Tra-'lng!" ;  (HIk  r.irre«pond«  to  Iho  Kooi  ot  tie 
h  Wave  in  the  rhlebograiii  and  to  Ihe  rriilodliistullc  Wavelet  P  la  (he  Cardlogrim, 
(Atltr  W.  8.  Thayer,  Arch,  Int.  Med.l 
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to  the  closure-time  or  tension-time,  that  is,  to  the  period  in  which  all  the 
heart  valves  are  closed  (first  phase  of  systole).  The  beginning  of  the  expul- 
sion-time of  systole  is  indicated  in  the  carotid  arteriogram  by  its  ascend- 
ing limb,  while  in  the  cardiogram  the  expulsion-time  of  systole  corresponds 
to  the  plateau  and  to  a  part  of  the  descending  limb  of  the  curve.  The 
second  sound  of  the  heart,  corresponding  to  the  end  of  systole,  occurs  dur- 
ing the  descending  limb  of  the  cardiogram ;  thereafter  the  curve  falls 
rapidly  to  the  abscissa.  Sometimes,  during  diastole,  the  curve  falls  below 
the  abscissa,  corresponding  to  slight  diastolic  retraction  in  the  apex  region. 
Systolic  retraction  of  the  apex  is  shoAvh  as  a  negative  cardiogram,  that 
is  to  say,  the  curve  is  reversed,  falling  below  the  abscissa  instead  of  form- 
ing an  elevation  above  it.  Thus  in  mediastinopericarditis  the  systolic 
retraction  yields  a  cardiogram  in  which  the  curve  during  the  whole  of 
systole  lies  below  the  abscissa.  A  similar  curve  can,  in  normal  cases,  be 
obtained  over  pulsations  of  the  chest  wall  caused  by  the  right  ventricle. 
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Esophageal  Cardiogram  (Fredericq,  Minkowski). — The  graduated 
stomach  tube  is  covered  at  its  end  by  a  fine  rubber  balloon  4  cm.  long.  The 
tube  is  introduced  into  the  stomach,  after  which  the  balloon  is  distended 
by  blowing  air  into  it.  It  is  then  withdrawn  through  the  cardiac  end 
of  the  stomach  into  the  esophagus.  The  outer  end  of  the  tube  is  connected 
by  a  T-shaped  tube  with  a  Marey  tambour  and  with  an  inflating  bulb. 
By  slowly  withdrawing  the  tube,  the  site  will  be  found  where  pulsations 
of  the  left  atrium  are  maximal  (7-0  cm.  above  the  cardiac  orifice  of  the 
stomach).  The  patient  holds  his  breath,  and  the  curve  is  recorded,  the 
pressure  within  the  tube  being  kept  low  (30  mm.  water).  It  is  well  to 
record  simultaneously  a  phlebogram  of  the  jugular  vein,  and  an  arterio- 
gram of  the  carotid  artery. 

The  esophageal  cardiogram  permits  one  to  recognize  paralysis  of  the 
left  atrium  and  allows  of  a  study  of  the  behavior  of  the  left  atrium  in  the 
cardiac  arhythmias. 
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(e)    The  Rate  and  Rhythm  of  the  Apex  Beat 

The  palpation  of  the  apex  beat  further  reveals  the  variations  in  rate 
and  rhythm  to  which  the  contractions  of  the  left  ventricle  are  subject 
The  palpating  hand  can  recognize  the  existence  of  rapid  action  of  the 
heart  (tachycardia) y  of  slowed  action  (bradycardia) ,  of  many  of  the  forms 
of  disturbed  rhythm  (arhythmia) j  and  sometimes  of  gallop  rhythm. 
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Most  of  these  disturbances  of  rhythm  are  better  studied,  however,  by 
means  of  the  analysis  that  arteriograms,  phlebograms  and  electrocardio- 
grams permit 
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2.    Precordial  Movements  Other  than  the  Apex  Beat 

Besides  the  apex  beat,  certain  other  pulsations  over  and  near  the  heart 
should  be  looked  for.  On  inspection  in  pathological  states  one  may  see: 
(a)  wavelike  movements  over  the  right  ventricle;  (b)  retractions  at  the 
base  or  apex;  or  (c)  pulsations  over  the  aorta  or  pulmonary  artery.  On 
palpation,  these  various  movements  may  be  felt,  and  in  addition  the  pal- 
pating hand  may  perceive  (d)  certain  shocks  due  to  closure  of  valves,  (e) 
certain  thrills,  the  palpatory  equivalent  of  some  kinds  of  murmurs,  or 
(f )  friction  fremitus,  the  palpatory  equivalent  of  the  pericardial  friction 
rub  heard  on  auscultation. 


(a)    Wavelike  Movements  in  the  Precordium 

In  young,  thin  people  and  even  in  adults,  during  excitement,  or  on 
exertion,  slight  visible  movements  can  often  be  made  out  in  the  third, 
fourth  and  fifth  intercostal  spaces  to  the  left  of  the  sternum.  When 
marked,  and  especially  in  the  adult,  they  often  indicate  either  hypertrophy 
of  the  right  ventricle  or  an  adherent  pericardium.  They  are  also  some- 
times seen  when  the  heart  is  not  diseased,  owing  to  retraction  of  the 
lung  and  consequent  approximation  of  a  larger  surface  of  the  heart  to 
the  chest  wall.  A  marked  palpable  pulsation  over  the  lower  part  of  the 
sternum  or  to  either  side  of  it  is  usually  due  to  a  hypertrophied  right 
ventricle. 
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(6)    Retractions  at  the  Base  and  Apex 

In  yoimp,  thin  people  Avith  cardiac  hypertrophy  one  can  often  make 
out  a  systolic  retraction  at  the  base  of  the  heart  at  the  level  of  the  third 
and  fourth  interspaces.  It  is  most  marked  in  cases  where  there  has  been 
retraction  of  the  borders  of  the  lungs.  It  is  of  no  special  diagnostic 
significance. 

More  important  is  a  systolic  retraction  visible  and  palpable  at  the  apex. 
At  the  moment  when  the  palpating  hand  feels  the  hardening  of  the  apex 
one  can  see  a  depression  synchronous  with  the  systole,  and  the  cardio- 
graphic  tracing  reveals  this  still  more  distinctly  (see  above).  The  re- 
traction may  be  limited  to  one  or  may  involve  several  intercostal  spaces. 
Two  conditions  must  be  considered: 

.    1.  Adherent  pericardium   (mediastinopericarditis)   with  enlargement 
of  the  heart,  and 

2.  Enlargement  of  the  right  ventricle  so  that  the  apex  of  the  heart 
is  formed  by  this  rather  than  by  the  left  ventricle.  A  cardiogram  taken 
over  the  right  ventricle  always  shows  systolic  depression,  that  over  the 
normal  apex  beat  (left  ventricle)  shows  systolic  elevation  (see  above). 

The  meaning  of  the  sign  can  be  decided  only  with  the  aid  of  other 
methods  of  examination. 
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(c)    Pulsations  Over  the  Aorta  and  the  Pulmonary  Artery 

The  aortic  and  pulmonary  areas  should  always  be  carefully  inspected. 
A  pulsation  in  either  region  usually  indicates  a  dilatation  of  the  under- 
lying artery.  Such  a  dilatation  may  be  dynamic  or  it  may  be  due  to 
aneurism.  Aneurism  of  the  ascending  and  transverse  portion  of  the  arch 
of  the  aorta  often  causes  a  pulsation  in  the  second  and  third  intercostal 
spaces  on  the  right  side,  or  the  w^hole  upper  part  of  the  sternum  may  be 
elevated.  The  pulsations  are  almost  synchronous  with  the  apex  beat 
Many  an  aortic  aneurism  is  missed  because  the  examiner  has  failed  to 
undress  his  patient  and  to  view  the  chest  carefully  in  profile.  Wlien 
the  aneurism  is  large  an  actual  pulsating  tumor  may  be  seen,  and  the 
hand  feels  not  only  an  elevation  but  also  a  characteristic  expansion  in 
the  mass. 


i1 
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Not  infrequently  there  is  visible  pulsation  in  the  pulmonic  area  (second 
intercostal  space  on  the  left,  close  to  the  sternum).  This  may  be  of  no 
significance,  though  sometimes  it  indicates  a  dilatation  of  the  pulmonary 
artery  and  is  occasionally  associated  with  pulmonary  stenosis.  Now  and 
then  the  pulsation  seen  here  may  be  due  to  marked  activity  in  the  auricular 
appendix  of  the  left  atrium.  A  faint  systolic  pulsation  at  the  sternal  ends 
of  the  second,  third  and  fourth  left  interspaces  that  is  due  to  the  expansion 
of  the  internal  mammary  artery,  which  underlies  the  thoracic  wall  in  this 
situation,  is  not  infrequently  seen. 

(d)    Shocks  Due  to  Valve  Closure 

If  one  palpate  over  the  areas  designated  as  "auscultation  sites"  for 
the  four  main  orifices  of  the  heart,  the  hand  will  sometimes  feel  a  vibratory 
shock,  the  tactile  equivalent  of  the  valvular  component  of  the  heart  sounds, 
due  to  the  tension  of  the  valves.  In  normal  hearts,  these  shocks  are 
scarcely  perceptible,  but  in  certain  diseased  states  they  may  become  pro- 
nounced and  be  valuable  aids  in  diagnosis ;  the  local  conditions  most  often 
responsible  are  abrupt  closure  of  valves,  sudden  tension,  or  thickened 
valves. 

An  exaggerated  mitral  valve  shock  is  best  felt  over  the  apex.  It  is 
most  marked  in  mitral  stenosis  as  an  abrupt  shock  immediately  succeeding 
the  presystolic  thrill  (durele  clolurale  of  L.  Bard).  This  sign  may 
suffice  for  the  making  of  a  diagnosis  of  mitral  stenosis  when  the  arhythmia 
or  tachycardia  are  so  great  as  to  interfere  with  the  production,  or  the 
perception,  of  the  characteristic  audible  signs  of  mitral  stenosis. 

An  exaggerated  vibratory  shock,  transmitted  from  the  semilunar  valves 
of  the  aorta,  is  sometimes  felt  in  the  second  or  third  intercostal  space  to 
the  right  of  the  sternum  in  arterial  hypertension,  especially  when  associ- 
ated with  arteriosclerotic  thickening  of  the  valves. 

An  exaggerated  tricuspid  valve  shock,  palpable  over  the  xiphoid,  is 
rarely  felt,  as  tricuspid  stenosis  is  an  uncommon  affection. 

Exaggerated  shock  over  the  pulmonary  area  is  a  very  common  palpatory 
phenomenon  met  with  in  the  various  conditions  that  increase  the  pressure 
in  the  pulmonary  artery  (mitral  disease,  emphysema,  pulmonary  arte- 
riosclerosis, fibroid  phthisis). 

Corresponding  to  the  doubling  of  the  second  sound,  audible  when  the 
pulmonary  and  aortic  valves  do  not  close  simultaneously,  a  double  vibratory 
shock  can  sometimes  be  felt. 
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(e)    Certain  Thrills,  the  Palpatory  Equivalent  of  Some 

Kinds  of  Murmurs 

The  liquid  veins  that  give  rise  to  vibrations  that,  on  auscultation, 
are  recognizable  as  murmurs  or  rumbles,  can  sometimes  be  felt,  on  palpa- 
tion, as  thrills.  The  sensation  perceived  by  the  hand  reminded  Laennec 
of  that  obtained  on  stroking  a  purring  cat. 

The  liquid  veins  that  cause  slow  vibrations  yielding  low-pitched 
murmurs  are  the  ones  that  favor  the  formation  of  thrills,  whereas  those 
that  yield  rapid  vibrations  producing  high-pitched  murmurs  may  not 
give  rise  to  palpable  thrills.  This  explains  why  a  thrill  may  sometimes 
be  felt  when  a  murmur  is  not  audible  or  is  a  very  indistinct  rumble  and 
why  the  loudest  and  most  distinct  blowing  murmurs  may  be  unaccompanied 
by  thrills.  Palpation  and  auscultation  here  supplement  one  another  ad- 
vantageously in  diagnosis. 

Thrills  are  best  felt  during  expiration  and  when  the  heart  rate  is 
somewhat  accelerated.  The  most  distinctive  thrill  is  that  which  accom- 
panies mitral  stenosis.  Like  the  murmur  due  to  this  lesion,  it  may  be 
perceptible  only  in  the  presystole,  or  it  may  occupy  a  longer  period  of 
diastole.  It  is  usually  maximal  a  little  above  and  just  medial  from  the 
apex  beat,  in  the  exact  situation  in  which  mitral  stenotic  murmurs  are 
usually  best  heard.  It  is  important  to  time  this  thrill  exactly  in  order 
not  to  confuse  it  with  the  systolic  thrill  that  accompanies  mitral  in- 
sufficiency. The  purring  thrill  of  mitral  stenosis  terminates  abruptly 
with  the  exaggerated  mitral  valve  shock  at  the  beginning  of  the  first 
sound;  the  systolic  thrill  of  mitral  insufficiency  begins  only  with  this 
shock  and  follows  it  into  systole. 

A  systolic  thrill,  maximal  in  the  aortic  area  and  propagated  up^vard, 
is  more  important  than  a  systolic  murmur  in  the  same  area  for  the 
diagnosis  of  aortic  stenosis.  A  thrill  in  the  same  area  is  sometimes  palpable 
over  the  expansile  pulsation  of  an  aortic  aneurism.  Diastolic  aortic  thrills 
are  occasionally  met  with,  but  are  rare.  When  present  they  are  felt  along 
the  left  margin  of  the  sternum. 

In  tricuspid  stenosis,  a  diastolic,  or  a  presystolic,  thrill  may  be  felt 
over  the  tricuspid  auscultation  site. 

A  systolic  thrill  in  the  pulmonary  area,  propagated  toward  the  left 
clavicle,  often  accompanies  stenosis  of  the  pulmonary  orifice.  A  systolic 
thrill  in  the  same  region  or  a  little  lower  down,  propagated,  however,  in 
a  transverse  rather  than  in  an  upward  direction,  is  met  with  in  perforate 
interventricular  septum. 

From  what  has  been  said  it  is  obvious  that  the  palpatory  thrills  are 
more  commonly  met  with  and  more  helpful  in  the  diagnosis  of  stenoses 
of  the  mitral  and  aortic  orifices  than  in  other  conditions;  they  occur  only 
rarely  in  association  with  valvular  insufficiencies.     The  student  will  do 
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well  to  practice  the  appreciation  of  thrills  at  every  opportunity  that 
ofiFers,  as  nowhere  else  in  diagnosis  is  the  tactus  eruditus  more  helpful. 

(/)    Pericardial  Friction  Fremitus 

This  is  the  palpatory  equivalent  of  the  friction  rub  audible  on  ausculta- 
tion and  due  to  dry  pericarditis.  To  the  hand^  it  feels  very  superficial 
and  diflfers  from  pleuritic  friction  (1)  in  its  rhythm  and  (2)  in  the  fact 
that  it  can  be  felt  when  the  patient  holds  his  breath.  Occasionally,  peri- 
cardial friction  fremitus  is  very  easily  perceptible,  but  the  rubs  are  often 
too  delicate  to  yield  tactile  sensation  and  auscultation  is,  therefore,  more 
helpful  than  palpation  in  the  diagnosis  of  pericarditis. 


3.    Broadbeat's  Si^n  and  Other  Pulsations  in  the  Back 

In  cardiac  cases,  the  back  and  sides,  as  well  as  the  front,  of  the  thorax, 
should  be  inspected.  In  adherent  pericardium,  there  may  often  be  ob- 
served a  systolic  retraction  of  one  or  more  ribs  in  an  area  a  little  below 
and  lateral  from  the  angle  of  the  scapula  on  the  left  side,  persisting  when 
the  patient  holds  his  breath  (Broadbent's  sign). 

While  inspecting  the  back,  one  should  also  ascertain  the  presence  or 
absence  of  pulsation  in  the  left  interscapular  space,  as  occasionally  an 
aneurism  of  the  thoracic  aorta  presents  here.  In  one  instance,  I  observed 
a  pulsating  angiosarcoma  presenting  in  this  region. 
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4.    Abdominal  Pulsations 

The  abdomen  should  be  carefully  examined  for  the  presence  of  epigas- 
tric, abdominal  or  hepatic  pulsations. 

(a)    Epigastric  Pulsation 

By  this  is  meant  pulsation  in  the  epigastric  fossa,  in  the  neighborhood 
of  the  xiphoid  process  between  the  two  costal  margins,  due  directly  or 
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indirectly  to  the  heart.  It  may  depend  upon  (a)  the  abdominal  aorta, 
or  (b)  the  right  ventricle. 

The  most  common  aortic  form  is  that  met  with  in  neurasthenics  and 
emaciated  dyspeptics  with  thin,  loose  abdominal  walls  ("d;)Tiamic  aorta"). 
This  pulsation  is  slightly  to  the  left  of  the  middle  line  and  extends  for  a 
variable  distance  downward,  below  the  xiphoid  process.  The  pulsation  is 
perpendicular  from  behind  forward,  has  only  a  slight  breadth  and  is  some- 
what later  than  the  apex  beat.  One  tone,  or  a  systolic  murmur,  may  be 
audible  on  auscultation.  The  pulsation  is  increased  by  anything  that 
excites  the  heart's  activity.  The  tyro  is  only  too  prone  to  think  of  the 
existence  of  aortic  aneurism  in  his  earlier  experiences  with  this  compara- 
tively insignificant  form  of  epigastric  pulsation.  In  many  cases  in  which 
this  form  of  aortic  pulsation  is  present  the  aorta  can  be  grasped  in  the 
palpating  hand,  which  then  becomes  aware  of  marked  lateral  expansion 
with  each  pulsation.  In  such  cases,  however,  the  aorta  can  be  palpated 
lower  down  and  the  same  condition  found  to  be  present  there;  there  is 
never  a  localized  expansile  tumor  such  as  is  present  in  aneurism  of  the 
abdominal  aorta. 

In  aneurism  of  the  abdominal  aorta  the  pulsation  is  more  powerful  and 
a  definite  timaor  is  distinctly  expansile  in  all  directions,  a  fact  that  helps 
to  distinguish  aneurism  from  propagated  aortic  pulsations  due  to  inter- 
vening fecal  masses  or  neoplasms.  Abdominal  aneurism  is  usually  accom- 
panied by  severe  pain. 

Epigastric  pulsations  due  to  the  right  ventricle  itself  may  be  either 
systolic  elevations  or  systolic  retractions.  Systolic  elevations  are  usually 
due  to  a  lowered  and  enlarged  right  ventricle  (pulmonary  emphysema, 
dilated  right  heart,  cardioptosis). 

Systolic  retractions  in  the  epigastrium,  due  to  the  right  ventricle,  are 
rather  diffuse,  wavelike  movements  depending  upon  elevation  of  the 
diaphragm  by  the  contracting  right  ventricle;  they  are  of  no  clinical 
significance. 

(6)    Hepatic  Pulsation 

This  is  best  made  out  by  palpation.  When  the  right  heart  begins  to 
fail,  the  liver  usually  enlarges  from  chronic  passive  congestion  and  its 
lower  edge  can  be  made  out  on  palpation.  Sometimes  this  enlarged  liver 
can  be  felt  to  pulsate,  though  the  details  of  the  pulsation  can  only  be 
discerned  by  graphic  registration.  The  curve,  shows  a  systolic  pulsation 
approximately  synchronous  with  that  of  the  apex  beat;  it  is  due,  in 
tricuspid  insufficiency,  to  a  wave  propagated  through  the  vena  cava  inferior 
from  the  right  heart.  A  presystolic  wave  on  the  hepatic  pulse,  synchronous 
wath  the  atrial  contraction,  is  occasionally  met  with  in  tricuspid  stenosis 
(J.  Mackenzie). 
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5.    Pulse  ia  Arteries^  Veins  aad  Capillaries 

The  pulsations  due  to  aneurisms  of  the  aorta  have  already  been  referred 
to.  Aneurisms  may  occasionally  be  seen  and  felt  in  other  arteries  of 
the  body. 

Ou  inspecting  the  thorax  for  pulsations  and  anomalies,  a  superficial 
internal  mammary  artery  is  occasionally  met  with  pulsating  in  the  second 
and  third  intercostal  space,  but  is  easily  recognized.  When  many  dilated, 
tortuous  arteries  are  seen  pulsating  over  the  thorax  without  apparent 
cause  one  should  think  of  a  narromng  of  the  arch  of  the  aorta. 

Markedly  throbbing  carotids  are  highly  characteristic  of  aortic  insuffi- 
'feiency,  though  one  occasionally  sees  similar  throbbing  in  Graves's  disease 
and  other  states. 

Pulsation  in  the  jugular  fossa  from  below  upward  may  indicate  either 
a  high  position  of  the  arch  of  the  aorta  or  dilatation  thereof. 

Pulsations  in  the  veins  of  the  neck  may  be  visible  in  health,  though 
they  are  much  more  often  seen  in  disease.  A  normal  venous  pulse  when 
visible  presents  two  waves  recognizable  by  the  eye,  one  diastolic,  the  other 
presystolic  in  time.  In  tricuspid  insufficiency  a  single  large  wave  is 
visible,  systolic  in  time.  For  the  finer  details  of  the  venous  pulse,  graphic 
registration  is  essential.  Palpation  is  of  little  value  in  the  study  of  the 
venous  pulse. 

In  heart  block,  inspection  of  the  jugular  pulse  combined  with  ausculta- 
tion or  palpation  at  the  apex  will  often  suffice  to  show  that  the  atria  (or 
auricles)  are  contracting  at  a  more  rapid  rate  than  the  ventricles. 

Visible  pulsation  of  the  peripheral  arteries  occurs  also  in  aortic  in- 
sufficiency. For  the  characters  of  the  arterial  pulse,  however,  we  rely 
mainly  upon  palpation  and  upon  graphic  registration. 

A  visible  capillary  pidse  is  met  with  in  conditions  associated  with 
hypertrophy  of  the  left  ventricle,  especially  in  aortic  insufficiency.  .  If 
one  scratches  a  line  with  the  finger  nail  on  the  forehead  or  skin  of  the 
trunk,  or  presses  slightly  upon  the  end  of  the  patient's  finger  nail  in 
order  to  make  a  pale  spot  in  the  nail  bed,  the  borders  of  which  may  be 
closely  watched,  one  can  see  alternately  blush  and  pallor  if  a  capillary 
pulse  exists.  A  very  good  way  to  look  for  a  capillary  pulse  is  to  press 
gently  with  a  glass  slide  on  the  lips.  Sometimes  a  blush  of  the  cheek  can 
be  seen  with  each  systole  of  the  heart. 
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(a)     Value  of  Studies  of  the  Pulse 

The  movements  of  the  blood  wave  in  the  arteries  and  veins  permit  us 
to  draw  conclusions  regarding  the  activities  of  the  muscular  walls  of  the 


770     DISEASES   OF   THE   CIRCULATOKT  APPARATUS 

left  ventricle  and  of  those  of  the  right  atrium  respectively.  The  activity 
of  the  left  atrium  can  be  registered,  as  has  been  seen,  by  means  of  a 
tube  introduced  into  the  esophagus.  We  get  some  clews  to  the  movements 
of  the  right  ventricle  by  registering  the  movements  in  the  third  and  fourth 
intercostal  space  on  the  left  side  and  by  a  study  of  the  venous  pulse,  since 
some  of  the  movements  of  this  ventricle  are  transmitted  to  the  blood 
in  the  veins. 

(6)    Arterial  Pulse 

The  arterial  pulse  is  studied  clinically  (1)  by  palpation,  and  (2)  by 
sphygmography. 

L    Palpatioii  o(  Ae  Arterial  Pdse 

In  ordinary  clinical  work  the  radial  artery  is  felt  with  the  tips  of 
the  second,  third  and  fourth  fingers  applied  to  the  wrist,  where  the  vessel 
can  be  easily  pressed  against  the  underlying  radius.  By  pulse  one  means 
the  pressure  wave  of  enlargement  of  the  artery  that  occurs  at  each  systole 
of  the  heart  and  which  takes  a  perceptible  time  to  travel  from  the  heart 
to  the  periphery.  One  pays  attention  to  seven  qualities:  (1)  the  fre- 
quency; (2)  the  rhythm;  (3)  the  volume;  (4)  the  quickness  or  celerity; 
(5)  the  tension;  (6)  the  fullness;  and  (7)  the  equality  on  the  two  sides 
of  the  body. 

The  thickness  of  the  vessel,  which  is  usually  attended  to  at  the  same 
time,  is  not  a  pulse  phenomenon,  but  has  to  do  with  the  condition  of  the 
arterial  wall  itself. 

1.  Frequency  of  the  Pulse  {Pulsus  frequens  et  varus). — This  varies 
in  healthy  adults  between  60  and  80  beats  per  minute  (average  72);  in 
children  90  to  140 ;  in  old  age  70  to  90.  The  pulse  is  faster  in  women 
than  in  men.  On  sitting  or  on  lying,  the  pulse  is  slower  than  on  standing 
or  on  exercising. 

Acceleration  of  the  pulse  rate  is  known  as  pulsus  frequens;  it  is  due 
to  heart  hurry  or  tachycardia.  It  is  met  with  normally  on  exertion,  dur- 
ing emotion,  and  after  taking  food.  In  fever,  for  each  degree  centigrade 
the  temperature  is  raised  above  37®  C,  there  is  ordinarily  an  increase 
in  the  pulse  frequency  of  about  eight  beats  per  minute;  exceptions  to 
this  rule,  are,  however,  met  with  in  typhoid  fever,  where  the  acceleration 
is  much  less,  and  in  scarlet  fever  and  diphtheria,  where  it  may  be  much 
greater. 

In  vagus  paralysis,  in  Graves's  disease,  and  in  some  neurasthenic 
states,  tachycardia  is  common.  A  frequent  pulse  is  often  an  important  sign 
of  cardiac  weakness  or  collapse.  In  paroxysmal  tachycardia,  attacks  of 
great  frequency  of  rate  having  a  sudden  onset,  and  ceasing  suddenly,  are 
met  with,  alternating  with  periods  of  normal  frequency.    The  attacks  may 
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last  from  a  few  minutes  to  several  days^  the  pulse  beats  often  numbering 
between  140  and  280  per  minute. 

A  tachycardia,  with  regular  pulse,  that  persists  for  months  and  is  not 
due  to  Graves's  disease,  the  arterial  pulse  rate  remaining  above  120,  espe- 
cially if  it  occurs  in  an  elderly  person,  is  most  often  due  to  atrial  (or 
auricular)  flutter.  The  venous  pulse  then  usually  has  a  rate  double  that 
of  the  arterial  pulse.    This  condition  will  be  described  further  on. 

Slowing  of  the  pulse  rate  is  known  as  pidsus  varus  or  bradycardia. 
It  is  met  with  in  convalescence  from  many  infectious  diseases,  especially 
typhoid  and  pneumonia,  in  disturbances  of  digestion,  in  conditions  in 
which  the  vagus  centers  are  stimulated  (brain  tumors,  hydrocephalus, 
beginning  meningitis),  in  icterus  and  in  various  diseases  that  affect 
the  heart  itself  (aortic  stenosis,  coronary  sclerosis,  myocarditis).  In 
Stokes-Adams  syndrome,  where  the  stimulus  from  the  sinus  and  auricles 
is  prevented  from  reaching  the  ventricles,  the  latter  contract  in  their  own 
independent  rhythm ;  in  these  cases  the  arterial  pulse  rate  may  fall  below 
thirty. 

A  bradycardia  arising  in  the  heart  itself,  either  as  a  result  of  di- 
minished stimulus-formation,  or  of  slowed  or  interrupted  stimulus-conduc- 
tion, can  be  distinguished  from  one  due  to  vagus  stimulation  by  the 
subcutaneous  injection  of  0.001  gram  of  atropin.  Vagal  bradycardias 
disappear  under  atropin  since  this  drug  paralyzes  the  terminations  of  the 
nerve  and  so  removes  its  inhibitory  effect. 

2.  Rhythm  of  the  Pulse  (Pulsus  regularis  et  irregularis). — ^Nor- 
mally, the  single  pulse  waves  follow  one  another  regularly  (pulsus  regur 
laris)f  but  in  pathological  conditions  the  rhythm  may  become  irregular 
{pulsus  irregularis).  The  irregular  pulse  is  due  to  cardiac  arhythmia. 
Under  this  heading  we  shall  have  to  study  (1)  respiratory  irregularities, 
(2)  extrasystolic  irregularities,  (3)  heart  block,  (4)  perpetual  arhythmia, 
and  (5)  the  alternating  pulse.  The  subject  will  be  dealt  with  more  fully 
further  on. 

3.  Volume  of  the  Pulse  (Pulsus  magnus  et  parvus). — ^What  clinicians 
speak  of  as  the  volume  of  the  pulse  is  dependent  chiefly  upon  the  differ- 
ence between  the  increase  in  pressure  during  arterial  diastole  (ventricular 
systole)  and  the  decrease  in  pressure  during  arterial  systole  (ventricular 
diastole).  The  size  of  the  pulse  waves  depends  chiefly  upon  (1)  the 
volume  of  the  systolic  output  of  the  left  ventricle;  and  (2)  the  ease  with 
which  blood  flows  out  of  the  arteries  through  the  capillaries.  The  volume 
of  the  pulse  is,  therefore,  the  palpatory  equivalent  in  the  radial  artery 
of  what  is  known  as  the  pulse  pressure  (difference  between  maximal  sys- 
tolic and  minimal  diastolic  pressure).  The  latter  can  now  be  very  accu- 
rately measured  (q.  v,). 

When  the  volume  of  the  pulse  is  large  it  is  spoken  of  as  a  pulsus  magnus 
(aortic  insufficiency,  renal  cardiopathy) ;  when  the  volume  is  small  we 
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speak  of  a  pulsus  parvus  (aortic  stenosis,  some  cases  of  myocardial  insuffi- 
ciency, syncope). 

4.  Quickness,  or  Celerity,  of  the  Pulse  (Pulsus  celer  and  Pulsus  tar- 
dus.)— By  celerity  is  meant  the  time  taken  for  the  widening  and  subse- 
quent contraction  of  the  arterial  tube.  If  the  pulse  wave  rises  very  quickly 
and  falls  rapidly,  it  is  spoken  of  as  a  pulsus  celer  (Corrigan  pulse).  If, 
on  the  other  hand,  the  artery  expands  slowly  and  also  collapses  slowly,  we 
speak  of  a  pulsus  tardus.  The  greater  the  systolic  output  and  the  lower 
the  minimal  blood  pressure  depending  on  lowered  peripheral  resistance, 
the  greater,  as  a  rule,  the  celerity  of  the  pulse.  The  most  outspoken  pulsus 
celer  is  met  with  in  aortic  insufficiency,  whereas  the  pulse  in  aortic  stenosis 
is  a  good  example  of  pulsus  tardus.  The  pulsus  celer  is  sometimes  spoken 
of  as  the  "water-hammer  pulse." 

5.  Tension  of  the  Pulse  (Pulsus  durus  and  Pulsus  mollis). — This 
refers  to  the  degree  of  tension  (not  thickening  nor  hardening)  of  the  wall 
of  the  artery ;  on  palpation  it  is  judged  by  the  force  required  to  obliterate 
the  pulse  when  the  fingers  press  upon  it.  Three  fingers  are  placed  upon 
the  radial ;  one  presses  with  the  most  distal  of  these  hard  enough  to  pre- 
vent a  recurrent  pulse  wave  through  the  palmar  arch;  pressure  is  then 
made  with  the  most  proximal  finger  until  the  pulse  ceases  to  be  perceptible 
to  the  finger  in  the  middle.  If  difficult  to  compress,  the  pulse  is  said  to 
be  of  high  tension  (P.  durus)  ;  when  easily  compressible  it  is  of  low  ten- 
sion (P.  mollis).  Even  skilled  observers  are  sometimes  wrong  in  their 
judgment  as  to  the  tension  of  the  arterial  wall,  and  it  is  better  to  rely 
upon  objective  measurements  with  the  blood-pressure  apparatus.  What 
one  attempts  to  measure  here  by  palpation  is  the  maximal  systolic  blood 
pressure. 

A  marked  degree  of  hypertension  is  met  with  in  contracted  kidney, 
in  lead  colic,  in  the  gastric  crises  of  tabes,  in  pseudo-anginas,  in  other 
arterial  crises,  in  some  cases  of  arteriosclerosis,  and  in  polycythaemia 
hypertonica.  Marked  hypotension  is  seen  in  Addison's  disease,  in  fevers, 
in  anaemias,  in  tuberculosis,  and  in  some  cases  of  failing  heart 

One  must  distinguish  between  the  tension  of  the  pulse  here  described 
and  thickening  or  sclerosis  of  the  arterial  wall.  In  the  latter,  if  one 
obliterate  the  pulse  with  one  finger  and  palpate  the  artery  distal  from  the 
point  of  compression,  the  thickened  vessel  can  be  rolled  between  the  finger 
and  the  bone.  Instead  of  being  smooth,  straight  and  scarcely  perceptible 
like  a  normal  radial  artery,  it  may  feel  thickened  like  a  whip-cord  under 
the  finger,  elongated  and  tortuous.  If  the  thickening  be  irregular,  and 
especially  if  the  artery  be  calcified,  a  string  of  nodules  will  be  felt  (goose- 
neck artery). 

6.  Fullness  of  the  Pulse  (Pulsus  plenus  et  inanis). — While  the  volume 
of  the  pulse  above  described  depends  upon  variations  of  the  pressure  in 
the  artery,  the  fullness  of  the  pulse  is  a  special  conception,  referring  to 
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the  mean  state  of  filling  of  the  artery.  Either  with  constant  pressure  or 
with  pressure-variations,  the  artery  may  in  one  case  be  large  and  full  (P. 
plenus)  and  in  another  seem  small  and  empty  (P.  inants).  To  judge  of 
the  "mean  filling"  the  observer  must  pay  attention  to  Hie  volume  of  the 
collapsed  artery  between  two  pulses,  as  well  as  to  the  size  of  the  pulse 
wave.  It  is  only  the  more  marked  deviations  from  the  normal  filling 
which  can  be  recognized. 

A  full  pulse  is  met  with  in  healthy,  strong  men  during  and  after  mus- 
cular exertion,  and  often  at  the  beginning  of  febrile  diseases,  whereas  an 
empty  pulse  is  encountered  in  anaemia,  in  cachexias,  in  chronic  febrile 
diseases  and  in  cardiac  weakness.  In  aortic  insufficiency  the  pulse  feels 
full  at  the  height  of  the  wave  but  empty  between  two  waves.  The  fullness 
of  the  pulse  is,  as  a  rule,  but  little  regarded  by  clinicians,  and,  in  my 
opinion,  with  right, 

1.  Equality  of  the  pulse  in  the  two  radials  as  regards  both  time  and 
altitude  should  be  examined  by  palpation.  The  pulse  at  one  wrist  may 
appear  slightly  before  the  other,  or  the  pulse  wave  may  be  higher  in 
one  radial  than  in  the  other.  In  either  case  we  have  to  deal  with  a 
PULSUS  DiFFERENS  {quoad  tempus  aut  allitudinem)  due  to  the  narrow- 
ing of  the  lumen  of  one  of  the  arm  arteries  (congenital  diflference,  tumors, 
aneurisms,  etc.). 

The  most  common  cause  of  differences  in  the  pulse  in  the  two  radials 
is  the  presence  of  an  abnormally  small  radial  artery  on  one  side.  This  is 
a  common  anomaly  in  the  arterial  system  of  the  forearm.  As  a  result,  the 
pulses  vary  chiefly  in  absolute  volume;  they  are  equal  in  time.  In  aneu- 
rism of  the  arch  of  the  aorta,  or  of  one  of  the  arterial  trunks  supplying  the 
arms,  differences  in  the  time  as  well  as  in  the  volume  and  tension  of  the 
two  pulses  are  prominent. 

ii.    Graphic  Rejfistratioii  of  (be  Arlerial  Pube  (Sphy^mojraphy) 

Curves  or  tracings  of  the  arterial  pulse  (arteriograms)  are  obtained 
either  with  the  polygraph  of  Mackenzie  or  the  sphygmograph  of  Jaquet, 
referred    to    above.      The 
tracing  of  each  pulse  beat 
presents  an  ascending  limb 
and  a  descending  limb. 
The  ascending  limb  rises 
abruptly   and   corresponds 
to  a  very  brief  period ;  the     j 
descending  Umb  falls  slow- 
ly, covering  a  longer  peri- 
od   of    time.      Secondary 
waves  occur  normally  on 


217.- 

-Carotid 

Ar« 

■rloBrsm 

(Lower   Tracing) 

Csrtii 

nurain    iVf 

Trsrlne 

1   for 

ComiittrlBon. 

Time 

of    Begin. 

llDK 

I.lmb   of  Ai 

gram. 

(d)    Tim 

r  Dlcrotk 

■  Not. 

eh.     (Peraoni 

loa,  J.  U. 

H. 

Bull.) 

774     DISEASES    OF    THE    CIRCULATORY    APPARATUS 


tiie  descending  limb  (catacroHc  waves) ;  in  abnormal  conditions,  secondary 
■waves  may  appear  on  tbe  ascending  limb  {anacrotic  waves). 

In  tbe  normal  radial  pulse  tlie  descending  limb  ghows  usually  a  small 
wave  near  the  apex  {predkratic  or  systolic  accessory  wave).  Opinions 
differ  as  to  its  origin;  some  regard  it  as  due  to  the  heart,  others  as  a 
reflection  from  tb©  periphery.  Formerly,  it  was  called  an  "elasticity 
elevation,"  being  then  thought  to  be  due  to  vibrations  of  the  elastic  wall 
of  tbe  artery.  This  systolic  accessory  wave  ia  most  marked  in  hypertension 
and  sometimes  is  as  high,  or  even  higher,  than  tbe  first  crest  of  the  pulse 
wave;  in  hypotension,  tbe  wave  ia  less  pronounced  and  may  be  entirely 
absent. 

The  most  important  secondary  wave  on  the  descending  limb  is  the 
second  one,  due  to  the  impulse  given  the  blood  in  the  aorta  by  dosnre 
of  the  semilunar  valves.  It  is  called 
tbe  DiCBOTio  WAVE.  Wben  the  blood 
pressure  is  low,  this  wave  is  large 
and  easily  perceptible  by  tbe  finger. 
When  very  pronounced,  it  gives  the 
sensation  of  a  double  pulse  (dicrotio 
pulse).  It  is  important  to  rememlur 
that  the  time  elapsing  between  the 
beginning  of  the  ascending  limb  of 
the  arteriogram  and  the  b^inning 
of  the  dicrotic  wave  corresponds  to 
the  time  during  which  the  semilunar 
valves  of  the  aorta  are  open  (expul- 
sion time  of  the  left  ventricle). 

Arteriograms  are  of  no  value  in 
estimating  the  volume  of  the  pulse 
since  the  height  of  the  curve  is  lai^ 
ly  dependent  upon  tbe  mode  of  appli- 
cation of  the  instrument,  the  thick- 
ness of  tbe  soft  parts,  and  other  ester 
nal  influences. 

The   celerity   of   the   pulse  can 
be  very  well  studied  in  tbe  arterio- 
gram,  provided   one   pays   attention 
only    to    tbe    rapidity    of    the   rise 
and  fall  and  not  to  the  length  of  the  ordinates  of  tbe  curve. 

Arteriograms  are  also  valuable  in  following  the  dicrotism  of  the  pulse. 
Dicrotism  occurs  chiefly  in  fever;  as  the  temperature  rises  and  the  blood 
pressure  falls,  the  pulse  becomes  at  first  infradicrotic  (tbe  dicrotic  wave 
still  lying  distinctly  in  the  descending  limb,  interrupting  its  course,  the 
abscissa  of  the  curve  being  reached  subsequently).     As  the  frequency  of 
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the  pulse  increases,  the  depression  preceJiing  the  dicrotic  wave  reaches  a 
point  as  low  as  the  beginning  of  the  ascending  limb  (complete  dicrotic 
pulse).  When  the  pulse  is  very  frequent,  it  may  become  supradicrotic,  the 
depression  preceding  the  dicrotic  wave,  then  falling  to  a  lower  level  than 
the  beginning  of  the  ascending  limb  preceding.  In  rare  instances,  the 
dicrotism  is  so  extreme  that  the  dicrotic  wave  becomes  swallowed  up  in 
the  ascending  limb  of  the  main  wave  (monocrotic  pulse). 

The  arteriogram  is  of  but  little  help  in  judging  of  blood  pi*essure, 
though,  where  the  mean  blood  pressure  is  high,  a  secondary  anacrotic  wave 
may  appear  before  the  apex  of  the  main  wave,  and  the  dicrotic  wave 
may  become  insignificant  or  may  disappear. 

The  arteriogram  is  of  greatest  value  in  the.  analysis  of  cardiac  irreg- 
ularities and  yields  data  indispensable  for  forming  judgments  regarding 
the  activities  of  the  left  venliricle  and  their  time  relations.  The  arterio- 
gram of  the  carotid  pulse  is  much  more  helpful  for  these  purposes  than 
is  that  of  the  radial  pulse ;  indeed,  if  one  have  good  carotid  arteriograms  to 
compare  with  simultaneously  recorded  phlebograms  and  cardiograms,  he 
may  very  well  dispense  with  radial  arteriograms. 

References 

Berkeley  (W.  NJ).    An  informal  consideration  of  the  dinical  value  of  graphic  methods  in  the 

study  of  heart  disease,  Intemat.  Clin,,  Philadelphia,  191S,  25.  s.,  i,  IS- 
S2.    7  pL, 

p.  Frey  (M.).    Die  Uniersuchung  des  Pulses  und  ikre  Ergebnisse  in  gesunden  und  kranken 

Zustdnden.    Berlin,  1892,  J,  Springer,    260  p,    8^, 

Hay  (/.)•    Graphic  methods  in  heart  disease,    London,  1909,  H.  Frowde,    184  P-    l^* 

Hewlett  (A.  W.),    The  pulse  flow  in  the  brachial  artery,    TV,  Reflections  of  the  primary 

wave  in  dicrotic  and  monodicrolic  pulse-forms.  Arch,  Int,  M,,  Uhicago, 
1914,  xiv,  609-619, 

Lewis  (r.)«    The  interpretation  of  sphygmogravh  tracings  and  of  tracings  produced  hu  com" 

pressing  the  brachial  artery,  the  factors  which  are  invohed  in  the  production 
of  anacrotism.    Practitioner,  London,  1907,  Ixxmii,  207-2/10, 

Mackenzie  (/.)•    ^^  study  of  the  pulse,  arterial,  venous  and  hepatic,  and  of  the  movements 

of  the  heart,    Edinburgh  <Sb  London,  1902,  Y.  T.  Pentland,    S26  p,    8^, 

Meara  (F.  S.),  Coffen  (T.  H,)  &  Crehore  (A.  C)*  A  comparison  of  simtdtaneous  poly- 
graph and  micrograph  tracings.  J,  Exper,  M,,  Lancaster,  Pa,,  1912, 
xvi,  280-290. 

Ohm  (it.).     Herzdiagnostik  aus  den  gleichzeitig  registrierten  Bewegungsvorgdngen  des  Arte^ 

rienvulses,  Venenpulses  und  Herzschalles  mil  eigenen  hochempfindUchen 
Methoden,  Tr,  Intemat,  Cong,  Med,,  1913,  Londm,  1914,  Sect,  VI, 
Medicine,  pl,  2,  269-265. 

Parkinson  (/.).    The  effect  of  the  inhalation  of  oxygen  on  the  rate  of  the  pulse  in  health, 

J.  Physiol.,  London,  1912-13,  xliv,  54-58, 

PartonS'Smlth  (B.).    A  lecture  on  the  value  of  the  clinical  polygraph  in  certain  cardiac 

disorders.    Lancet,  London,  1913,  ii,  1599-1606. 

Blchter  (Cr.).     The  technique  of  the  sphygmogram,  with  remarks  on  the  use  of  instruments  of 

precision  in  the  study  of  cardiovascular  disease,  Med,  FortnighUyf  St^ 
Louis,  1913,  xliv,  461-466, 


776     DISEASES   OF   THE   CIRCTJLATORY   APPARATUS 

Rihl  (/.)•     ^^  graphische  Aufnahme  des  Arlerien-  und  VenenpulseSj  des  Herzstosses  und 

der  Atmung  avf  der  propdderUischen   Klinik.     Prog.  med.  Wcknsckr.^ 
1913,  xxxviii,  679-68S. 

Roy  (C  S*)  &  Adami  (/.  G.)-     Hearirbeal  and  pidse-^uxwe.     Pracliiionerj  London^  1890, 

xliv,  81;  161;  241;  SJfl;  412:  xLv,  20, 

Sahli  {!{•)•   Ueber  die  Vclummessung  des  menschlicJien  RadialpidseSf  die  VolunAolomeirie, 

zugleich  eine  neue  Art  der  ArbeiisTnessung  des  Pulses.    Deutsches  Arch.  f. 
klin.  Med.f  Leipzig^  1914,  art;,  124-145' 

Smith  (/.  G.)-     The  use  of  the  sphygmograph  in  the  physical  examination  of  gymnastic 

workers  and  others,     Proc.  Am.  Ass.  Adv.  Phys.  Educai.,  1888,  New 
Haven,  '1889,  iv,  36-46. 

Tigerstedt  {R»)*    Der  Arterienpuls.    Ergebn.  d.  Physiol.,  Wiesbaden,  1909,  riii,  593-^56. 

Urban  (F.  M.).    V analyse  des  sphygmogrammes.    J.  de  physiol.  el  de  path.  gH.,  Paris, 

190$,  viii,  398-4t2. 

Van  Santvoord  (i?.)»     The  clinical  uses  of  the  sphygmograph.    Med.  Rec.,  New  York,  1900, 

Mi,  313-320. 

Vierordt  (K.)»     DieLehre  vom  Arterienpuls  in  gesunden  und  kranken  Zustdnden.    Gegrundet 

auf  eine  neue  Methode  der  bildlichen  DarsteUung  des  menschlichen  Pulses. 
Braunschweig,  1855,  F.  Vieweg  u.  Sohn.    271  p.    8^. 

Wiggers  (C.  /.)•    The  contour  of  the  normal  arterial  pulse.    J.  Am.  M.  Ass.,  Chicago,  1915, 

bnv,  1380-1382. 

(c)     Venous  Pulse 

The  venous  pulse  is  studied  clinically  (1)  by  inspection  and  palpation; 
and  (2)  by  sphygmography. 

L    Inspection  and  Palpation  of  the  Venous  Pulse 

To  inspect  the  venous  pulse,  the  patient  should  be  in  a  reclining  posi- 
tion, the  head  and  neck  supported  by  a  single  pillow.  If  venous  stasis 
be  marked,  the  upright  or  sitting  position  may  be  better.  A  wave  becomes 
visible  when  the  intravenous  exceeds  the  atmospheric  pressure ;  a  collapse 
becomes  visible  when  the  intravenous  pressure  is  less  than  the  atmospheric 
If  the  intravenous  pressure  be  continuously  negative,  or  continuously  posi- 
tive, no  venous  pulse  will  be  seen. 

A  pulse  in  the  veins  of  the  neck  can  be  seen  in  a  majority  of  healthy 
persons.  This  pulse  is  diflFuse  and  wavy ;  as  a  rule,  it  cannot  be  felt  by  a 
palpating  finger.  An  interesting  feature  of  it  lies  in  the  fact  that,  on 
inspection,  the  collapse  of  the  vessel  is  usually  a  more  marked  phenomenon 
than  the  positive  impulse. 

Under  normal  conditions,  two  pulsations  occur  in  the  vein  for  one 
in  the  artery;  the  collapse  of  the  vein  after  the  first  pulsation  is  syn- 
chronous with  the  arterial  pulse,  i.  e.,  it  corresponds  in  time  to  the  ventric- 
ular systole.  This  normal  venous  pulse  is  often  referred  to  as  the  '*physio- 
logical,"  "negative"  or  "double"  venous  pulse  in  contradistinction  to 
the  "positive"  or  "single"  venous  pulse  met  with  in  tricuspid  insufGciencv. 

After  one  has  studied  graphic  tracings  (see  below),  he  can  make  out 
much  more  from  simple  inspection.     Thus,  if  a  normal  venous  pulse  be 
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present,  he  can  make  out  for  each  palpated  pulsation  of  the  carotid,  two 
positive  waves  in  the  vein  {a-  and  v-waves)  and  two  collapses  (x-  and  y- 
depressions). 

Volhard  has  devised  a  simple  instrument  for  determining  the  char- 
acter of  a  venous  pulse  by  inspection.  For  tliis  he  makes  use  of  two 
U-shaped  glass  tuhes,  in  each  of  which  tliere  is  a  colored  fluid.  To  the 
open  end  of  each  tube  is  attached  some  rubber  tubing  and  a  small  re- 
ceiving funnel.  One  funnel  is  placed  on  the  carotid  and  the  other  on 
the  jugular  bulb;  the  fluids  are  set  into  pulsation.  If  the  two  pidaa- 
tions  are  in  the  same  direction,  the  venous  pulse  is  systolic  or  positive; 
if  in  the  opposite  direction,  the  venous  pulse  is  presystolic  or  negative. 

I  would  Buggest  that  the  studeot  first  familiarize  himself  with  the  graphia 
Tecords  as  described  bulow  and,  afti^rwards,  take  up  the  study  of  simple  inspection 
and  palpation  of  the  veins  of  the  neck. 

iL    Graphic  Rettistration  of  the  Venous  Pulse 

The  receiver  of  the  registering  apparatus  is  placed  above  the  clavicle 
over  the  bulb  of  the  jngtilar  vein,  preferably  between  the  two  heads  of 
the  sternocleidomastoid  muscle.     The  patient  should  assume  the  position 
in  which  the  venous  pulse  is  be.=t  marked.    As  a  rule,  a  reclining  position 
with  the  head  slightly  elevated  and  turned  to  tl;e  left  side  is  best,  though 
various   positions  may  have  to  be  assumed  before  the  optimal   one  is 
found.     Occasionally,  a  better 
tracing  can  be  secured  by  pla- 
cing the  receiver  over  the  exter- 
nal jugular  vein  than  over  the 
internal  jugular. 

Tracings  of  the  venous  pulse. 
or  phlebograms,  are  of  but  little 
value  except  in  association  with 
simultaneously  recorded  arterio- 
grams and  cardiograms,  for 
only  with  these  is  it  possible, 
in  many  cases,  to  refer  the 
waves  of  the  venous  pulse  to 
particular  phases  of  the  cardiac 
revolution. 

The  waves  of  the  venous 
pulse  are  due  to  alterations  iu 
the  blood  pressure  existing  in 

the   jugular   vein'  and    in    the     „,     „,„     ~.     „u  ^  ^  »,   ..        .  ...     ^  _>. 

■<    =  ,  .  Fig.    218. — Tbc   Shaded    Portion    of   the   Cardiac 

right  atrium;  the  latter,  m  turn,  CjtIp     Correuponds     to     Vpntncular     Sj-stole. 

.re  in  part  dependent  upon  the  ;,^~".J,  L":™'."^'™"' b"  l,'p»! 

functions  of  the  tricuspid  valve  mtt  co.,  PhuadGiphia.) 
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and  the  activities  of  the  right  ventricle.  Important  conclusions  can  there- 
fore he  drawn  from  the  venous  pulse  regarding  the  functions  and  activities 
of  the  whole  right  side  of  the  heart.  In  Fig.  219  the  pressure  dianges  in 
the  atrium,  ventricle  and  aorta,  during  one  heart  beat  are  schematically 
represented. 

(1)    Physiological  Venous  Puhe  (Normal  Phlebogram) 

The  tracing  of  the  physiological  venous  pulse  (Fig.  220)  presents 
ordinarily  three  positive  waves,  designated  respectively,  a,  c  and  v.    Of 


these,  the  o-  and  u-waves  are  the  more  constant,  the  c-wave  sometimes  being 
almost,  or  wholly,  imperceptible.  The  two  main  depressions  on  the  wave 
are  designated  by  the  letters  x  and  y. 

The  orwave,  usually  the  highest  elevation,  is  simultaneous  with  atrial 
systole,  and  due  to  it;  it  is  therefore  known  as  the  atrial  wave  (or  auricular 
wave). 

The  c-wave  is  approximately  synchronous  with  the  main  wave  of  the 
carotid  pulse.  For  a  time  it  was  supposed  to  he  due  to  a  transmitted  im- 
pulse from  the  artery  and  was  therefore  called  the  carotid  ware.  It  hae 
been  definitely  shown,  however,  to  be  due  to  the  transmission,  to  the  blood 
in  the  right  atrium  and  the  Jugular  vein,  of  the  shock  imparted  to  the 
atrioventricular  septum  by  the  contraction  of  the  right  ventricle.  The 
flow  of  blood  from  the  coronary  veins  into  the  atrium  occurs  also  at  this 
moment  and  may  be  a  contributing  factor.  The  wave  may  still  be  desig- 
nated the  c-wave,  though  it  is  independent  of  the  carotid  pulse. 

Regarding  the  origin  of  the  l^wave,  there  has  been  considerable  dif- 
ference of  opinion,  some  authors  believing  it  to  be  due  to  stagnation  of 
blood  with  gradual  rise  of  pressure  in  the  atrium,  sub.wquent  to  closure 
of  the  tricuspid  valves,  diiring  ventricular  systole  (ventricular-stasis  theory 
of  Hering),  others  looking  upon  it  as  a  wave,  occurring  during  the  diastole 
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of  the  ventricle,  due  to  a  dislocation  upward  of  the  base  of  the  heart  at 
the  moment  when  the  systole  of  the  ventricle  ceases  and  its  diastole  begins. 
Both  factors,  in  all  probability,  play  a  part  In  the  majority  of  in- 
stances, the  crest  of  the  t^wave  is  protodiastolic  in  time,  though  the  earlier 
portion  of  the  ascent  is  telesystolic  in  time ;  an  encroachment  of  the  crest 
of  this  wave  upon  systole  indicates  an  impending  (or  already  existing)  tri- 
cuspid insufficiency. 

The  main  depression,  x,  corresponds  to  the  collapse  of  the  vein  that 
occurs  immediately  after  the  atrial  systole  at  the  beginning  of  atrial 
diastole.  Since  this  moment  coincides  with  the  early  part  of  ventricular 
systole,  the  veins  on  inspection  are  seen  to  undergo  a  systolic  collapse. 
For  this  reason,  the  physiological  venous  pulse  is  often  spoken  of  as  a 
negative  venous  pulse;  but  since  the  positive  waves  on  the  physiological 
venous  pulse  are  presystolic  (a-wave)  and  diastolic  (v-wave)  in  time,  this 
pulse  is  also  sometimes  referred  to  as  the  diastolic-presystolic  venous  pulse. 
It  is  these  two  positive  waves  and  the  collapse  of  the  vein  after  each 
of  them  that  give  rise  to  the  ^^double  venous  pulse'*  seen  on  inspection 
in  conditions  of  slight  venous  stasis  and  in  some  healthy  persons  during 
each  cardiac  revolution. 

The  lesser  depression  on  the  phlebogram,  designated  as  y,  lies  between 
the  v-wave  and  the  a-wave;  it  is  therefore  a  diastolic  collapse,  and  is  due 
to  the  flow  of  blood  out  of  the  right  atrium  into  the  ventricle  just  before 
the  atrium  contracts. 

When  the  heart  is  beating  slowly,  additional  waves  may  sometimes  be 
seen  upon  the  venous  pulse,  even  in  health.  One  of  these  wavelets,  known 
as  the  A-wave  (Hirschf elder),  follows  the  v-wave  by  a  definite  interval 
and  is  believed  to  be  due  to  the  snapping  together  of  the  atrioventricular 
cusps  at  the  end  of  ventricular  filling  in  mid-diastole.  It  corresponds  in 
time  to  (1)  the  third  heart  sound,  (2)  the  onset  of  Henderson's  period 
of  diastasis,  and  (3)  the  minute  p-wave  sometimes  seen  on  the  cardiogram. 


(2)  Abnormal  Forms  of  Venous  Pulse 

A  whole  series  of  abnormalities  of  the  venous  pulse  have  been  de- 
scribed. To  avoid  confusion  it  is  best  to  familiarize  oneself  first  with 
two  or  three  characteristic  deviations  from  the  normal  and,  later,  as  one's 
knowledge  grows,  to  undertake  the  study  of  less  common  abnormalities. 
Only  the  common  types  will  therefore  be  referred  to  here;  namely:  (1) 
the  venous  pulse  of  atrial  paralysis  (or  atrial  fibrillation)  ;  (2)  the  venous 
pulse  of  outspoken  tricuspid  insufficiency  (typical  ventricular  venous 
pulse). 

The  Venous  Pulse  of  Atrial  Paralysis  (or  Atrial  Fibrillation). — When 
the  right  atrium  is  paralyzed  (or  is  shown  by  the  electrocardiogram  to  be 
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fibrillating) ,  the  a-wave  disappears  from  the  venous  pulse  and  only  tlu 

c-  and  r-waves  are  recognizable.     The  i-depression  becomes  less  marked. 

This  form  of  phlcbogram  is  most  often  met  with  when  the  arteriogram 

reveals  a  pulsus  irregularis  perpetuus.     In  the  electrocardiogram,  simul- 

taneously  recorded,  the  no^ 

I  mal  P-wave  has  disappeared; 

I  in   its  place   one  sometimes 

■  sees  a  number  of  small  eleva- 

I  tions   due    to    the   electrical 

I  variations     that     acconipanv 

'  atrial  fibrillation  (</.  r.). 

Fig.  221.— Phlebogram  from  ft  Pntlpnt  SalTerinK  from  VenOlU      PulW      Of     Ollt- 

ParalyalB    of    the    HlKht   Alrliim.      l>runi    Moving  ,  __,  ■  ,       ,        im 

Rftpldly.     Dl«ppoarftnce  of  o-<.hv<..     ArterloBram  Spokeil        TriCOSpld       InHUffi- 

for  Comparison.      (Personal  Obaervatlon.  J.  11.  II.  cieUOT     (Ventricular    VetlOUS 

iulse). — In   marked   tricus- 
pid insufficiency,  all  threa  positive  waves  of  the  normal  venous  pulse  dis- 
appear and  each  systole  of  the  heart  is  accompanied  by  a  single  huge 
broad  wave  on  the  venous  pulse.     This  single  large  wave  is  due  to  the 
direct  propulsion  of  blood  by  the  contracting  right  ventricle  into  the  right 
atrium  and  jugular  vein  through  the  insufficient  tricuspid  valve.     This 
is  the  typical  ventrirulnr  iijpe 
of    venous    pulse.      Since    the 
dilatation   of  the  vein   is   sjti- 
chronouB  with  ventricular  sys- 
tole, this  pulse  is  often  spoken 
of  as  a  positive  venous  pulse,  in 
contrast  with   the  negative  ve- 
nous pulse  (or  systolic  collapse) 
seen   under  normal  conditions. 

Thistypeof  venous  pulse,  when  F,g.    322._phicboKrB[n    in    a    Case    ot    Tricti^UI 

outspoken,      is     easily     rCCOtniiz-  InsuSlricncy    witb    C«rdlogram    tor    Comptrl- 

,,  1  ^,  ,  J  •  .  ",,,  son.  (I'eraonal  ObMrTaUon.  J.  3.  H.  BnlL) 
able  by  the  naked  eye,  since  ( i) 

it  is  single  instead  of  double,  and  (2)  the  positive  wave  is  systolic  in 
time  (synchronous  with  the  apex  beat  and  carotid  pulse).  Occasionally, 
iHjfore  the  atrium  is  paralyzed,  the  ventricular  wave  is  preceded  by  an 


n  puhe.     Ptoc.  Path.  Soc.,  PAaorfefpAw, 
Am.  J.  M.  5c.,  PhUadelphia  *  Stv 


MOVEMENTS    OF   HEART   AND   BLOOD    VESSELS    781 

Bard  (L,),     Des  divers   ditails   du   jxmls   veineux  des  jugtdaires  chez  Vhomme.    J.  de 

vhysiol.  el  de  path,  gin.,  PariSj  1906,  viiiy  Jfi6-It79, 

De  Vorigine  el  de  la  signification  de  Vande  vrotosystolique  du  pouls  veineux 
des  jugtdaires.    Arch,  d.  mal.  du  caur  [e/c.J,  Paris^  1908,  t,  337-358, 
Les  caraclkres  du  youls  veineux  jugvlaire  dans  Vasyslolie  du  camr  gauche^ 
Semaine  mSd,,  Paris,  1910,  xxx,  181-185, 

Broadhent  {W.)»     Pulsation  in  the  neck.     Praclilioner,  London,  1911,  Ixxxvii,  227-235, 

Swing  (E.  M.).    The  venous  jndse.    Am.  J.  Physiol.,  Boston,  1914,  xxxiii,  158-185, 

Eyster  (/.  A.  E.),     The  time  relations  of  the  venous  pulse  and  the  heart  sounds.    J.  Exper.  M., 

Lancaster,  Pa.,  &  New  York,  1911,  xiv,  594-605.     1  tab.    1  pi. 

Gerhardt  (!>.)•     Klinische  Untersuchungen  Ober  Venenpidsalionen.    Arch.  f.  exper.  Path. 

u.  Pharmakol.,  Leipzig,  1894,  xxxiv,  402-JfJ^.     1  diag. 

Bering  (IT.  E.),     Ueber  die  vorhofdiastolische  Welle  ad,  eine  neue  WeUe  des  Venenpulses. 

Arch,  f.  d.  ges.  Physiol.,  Bonn,  1913,  cxlix,  594-600. 

Hewlett   {A*   W.).    The  interpretation  of  the  positive  venous  pulse.    J.  Med.  Research, 

Boston,  1907-08,  xvii,  119-136. 

Hir$chfelder  (A.  />.)•    Inspection  of  the  jugular  vein;  its  value  and  its  limitations  in  func^ 

lional  diagnosis,    J.  Am.  M.  Ass,,  Chicago,  1907,  xlviii,  1105-1108. 

Hun  (IT.)  &  Hawn  (C,  B.),    Clinical  studies  of  the  circulation  with  the  polygraph,  especially 

in  regard  to  the  venous  pulse.    Albany  M.  Ann.,  1914,  xxxv,  1-19.     10  pf. 

Keith  {AS).    An  account  of  the  structures  concerned  in  the  production  of  the  jugular  pulse. 

J.  Anat.  <fc  Physiol,  London,  1907-08,  xlii,  1-25. 

Lian  (C).     Du  pouls  veineux  jugulaire  dit  ^'physiologique.**     Presse  nUd,,  Paris,  1912,  xx, 

694-696. 

Lombard  (W.  P.),    A  diagram  of  the  heart  cycle,  picturing  the  changes  of  form  of  the  aun- 

cles,  ventricles,  cardiogram^  and  venous  and  carotid  pulse  curves.    Tr.  Clin, 
Soc.  Univ.  Mich,,  Ann  Arbor,  1914,  v,  81-86. 

Ohm  (R*)»     Die  diastolischen  Schtvankungen  des  Venenpulses;  ihre  Entstehung  und  ihr  Ver^ 

halten  unler  nonnalen  und  palhologischen  Bedingungen.    Zenlrcdbl.  f.  Herz- 
krankh.  [etc.],  Wien  u,  Leipzig,  1913,  v,  153-156.     1  pi. 

Quincke  (IT.).     Beobachtungen  vber  KapiUar'  und  Venenpuls.    Berl.   klin.   Wchnschr., 

1868,  V,  357. 

Ueber  CapillarpiUs  und  cenlripetalen  Venenpuls.    Berl.  klin.  Wchnschr., 
1890,  xxvii,  265-267. 

Rihl  (/.).      Ueber  das  Verhalten  des  Venenpulses  unter  normalen  und  palhologischen  Beding* 

ungen.    Ztschr.f,  exper.  Path.  u.  Therap.,  Berlin,  1909,  vi,  619-688.    3  pi. 

Roth  (O.).      Ueber  den  Venenpuls  beim  diastolischen  Vorschleudem  der  HerzspiUe.    Zen^ 

tralbl.  f.  Herzkrankh.  [etc.],  Wien  u.  Dresden,  1914,  vi,  8-12. 

Samways  {D.  W.).    On  the  genesis  of  the  venous  pulse.    Brit.  M.  J.,  London,  1912,  i,  835; 

1425. 

Veiel  {E.)  &  Kapff  {W,).    Sludien  liber  den  Venenptds.    I,    Deulsches  Arch.f.  Jdin.  Med., 

Leipzig,  1914,  cxiii,  494-522. 

Volhard.      Ueber  Venenpuls.    Verhandl.  d.  Cong.  f.  innere  Med.,  Wiesbaden,  1902,  xx, 

394-403. 

Wiggers  (C.  /•).     The  supraclaincular  venous  pidse  in  man,    J.  Am,  M.  Ass,,  Chicago,  1915, 

Ixio,  1485-1487. 

Zielinski  (Michel).    Le  pouls  jugulaire  dans  Vinsuffisance  tricuspidievne.    Paris,  1912, 

J.B.BaiUikre.     124  p.     No.  248.    8^. 


782     DISEASES   OF   THE   CIRCULATORY   APPARATUS 

F.    Electrocardiograms 

Our  chief  object  in  graphic  registration  is  to  determine  the  actual  sequence  of 
events  in  the  cardiac  cycle.  It  is  obvious  that  the  fewer  sources  of  error  there  are 
in  the  method,  the  more  accurate  will  be  our  knowledge  of  the  heart's  action.  In 
phlebograms,  cardiograms,  and  arteriograms,  we  record  the  heart's  action  only 
indirectly  in  the  form  of  secondary  changes  produced  in  the  blood  stream.  These, 
in  turn,  we  must  mentally  transpose  to  those  phases  of  the  contraction  of  the 
heart  that  probably  produce  the  different  waves  in  the  vessels.  These  pulsations 
are  easily  subject  to  modification  from  causes  entirely  outside  of  the  heart,  such 
as  engorgement  of,  or  pressure  upon,  the  vessels,  or  even  by  the  method  used  to 
record  the  pulsation. 

We  have,  however,  a  method  that  seems  to  eliminate  most  of  these  difficulties, 
and  that  gives  us  an  accurate  means  by  which  we  can  determine  the  actual  form 
of  the  cardiac  contraction.  This  is  electrocardiography,  a  description  of  which 
has  already  been  given.  The  cardiac  electrical  variations  that  are  recorded  by 
this  method  have  been  shown  to  be  the  same  whether  they  are  led  off  from  the 
heart  itself,  or  from  distant  parts  of  the  body.  Therefore,  secondary  modifications 
do  not  have  to  be  considered  in  interpreting  the  waves  obtained  in  their  relations 
to  the  various  phases  of  the  heart's  action. 

These  electrical  currents  are  given  off  from  the  muscle  at  a  time  about  1/100 
of  a  second  prior  to  the  actual  mechanical  contraction.  They  are  products  of  the 
stage  of  readjustment  within  the  muscle  between  the  times  of  stimulation  and 
contraction,  or  what  is  known  as  the  period  of  excitability.  Since,  however,  con- 
traction always  follows  the  course  of  excitation,  for  all  diagnostic  purposes  this 
time  relation  can  be  disregarded  and  the  electrical  waves  are  often  referred  to  cs 
indicating  the  path  of  '^contraction." 

The  curve  obtained  by  electrocardiography  (see  p.  783)  is  known  as 
an  electrocardiogram.  The  summation  of  action  currents  in  the  heart 
muscle  thus  recorded  gives  us  clews  to  the  origin  and  course  of  excita- 
tions in  the  heart  muscle,  and  thus,  indirectly,  also,  as  to  the  course  of  the 
contraction  wave  as  it  passes  over  the  heart 


L    The  Electrocardiogram  of  a  Normal  Heart 

For  the  excitations  belonging  to  one  cardiac  cycle,  we  find  in  an 
electrocardiogram  of  a  normal  heart — known  as  a  normal  or  typical  EK — 
a  rather  complicated  curve.  First,  there  is  a  small  upward  wave,  P. 
This  is  followed  by  a  pause,  after  which  we  see  a  small  downward  wave, 
Q,  then  a  high  upward  wave,  R,  followed  by  a  second  small  downward 
wave,  8y  then  a  medium-sized  upward  wave,  T,  and,  finally,  a  long  pause 
at  the  end  of  the  cycle,  which  ends  with  the  appearance  of  the  P-wave  of 
the  next  cardiac  cycle.* 

In  all  three  leads  (or  derivations),  the  three  main  waves,  P,  -B,  and  T, 

*  Often,  after  the  T-wave  there  is  still  another  small  upward  wave  called  the 
17 -wave  (see  Lewis  and  Gilder). 
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are  visible,  though  the  height  of  the  waves  may  vary  somewhat  for  the 
different  leads. 

The  fl-wave  is  always  the  largest  wave,  and  normally  the  T-wave  is 


n  and  Lett  Arm. 


a  and  Left  Lag. 


4^ 


III.    Lett  Arm  and  Lett  Leg. 

T\g.  233.— Normal  BlectrocardlOBramB  Obtained  by  PhotographlnB  the  MoTementa  ot  a 
Sensltlre  Galvanonieter.  Waves  with  the  Apei  Upward  Indicate  that  the  Baae  ot  the 
Heart  <or  the  Right  Tentrlele)  Is  NegatlvB  to  the  Apei  (or  Left  Ventrtile).  Wave* 
with  the  Apex  Downward  haTe  the  Oppoilte  Blgnlfleanee.  Wave  P  U  Due  to  the  Con- 
traction  ol  the  Aorlcle.  Waves  0,  B,  B.  and  T  Occur  During  the  Bystole  ot  the  Ventricle. 
The  Curve  Seems  to  Show  that  the  Contraction  In  the  VL-ntrlclea  Begins  Flrat  Toward 
the  Apex  (or  In  the  Lett  Ventricle).  Since  the  Negatlvltr  First  Appears  Toward  that 
Bide  (Wave  Q). 
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taller  and  broader  than  the  P-wave.  The  P-wave  corresponds  to  the  ex- 
citation of  the  atria ;  the  Q,  R,  S,  T  complex  corresponds  to  the  excitation 
of  the  ventricles.^  , 

It  is  believed  by  Einthoven  that  the  P-E  interval  corresponds  to  the  period  of 
conduction  of  the  excitation  from  the  atria  to  the  ventricles  along  the  atrio- 
ventricular bundle  of  His.  Arriving  in  the  Purkinje  system,  the  excitation  reaches 
a  large  number  of  spots  in  the  walls  of  the  ventricles  almost  simultaneously. 
Should  the  excitation  of  the  ventricle  occur  first  near  the  heart's  apex,  there  is  a 
well-marked  ^-depression,  but  should  some  other  portion  of  the  ventricle  be  first 
excited  the  ^-depression  does  not  appear.  .The  i?-wave  is  evidence  of  the  pre- 
dominance of  the  excitations,  at  the  moment,  in  the  wall  of  the  right  ventricle  and 
at  the  base  of  the  heart,  while  the  subsequent  /S'-depression  points  to  a  temporary 
predominance  of  excitation  in  the  left  ventricle  and  in  the  apical  region.  The 
interval  between  (Q,  E,  <S')*and  T  and  the  T-wave  itself  correspond  to  a  period  in 
which  the  whole  musculature  of  both  ventricles  is  excited.  Should  the  excitation 
cease  in  the  left  ventricle  before  it  does  in  the  right,  the  T-wave  becomes  negative 
instead  of  positive;  should  the  base  of  the  heart  remain  excited  longer  than  the 
apex,  the  T-wave  in  Lead  III  is  directed  upward,  while  if  the  apex  remains 
longer  excited  than  the  base,  the  T-wave  in  Lead  III  is  directed  downward. 
According  to  Kraus  and  Nicolai,  the  -R-wave  depends  upon  excitation  of  the  papil- 
lary muscles,  the  E-T  interval  corresponds  to  the  period  of  excitation  of  the  main 
muscle-bundles  of  the  ventricles,  and  the  T-wave  is  due  to  excitation  at  the  base 
of  the  heart. 

Other  observers  deny  a  relationship  of  the  form  of  the  EK  to  the  complicated 
course  followed  by  the  excitation  through  the  heart  muscle.  Thus  Fredericq 
believes  that  the  form  is  due  to  a  pecuharity  of  the  heart  muscle  and  that  it  may 
be  obtained  by  registering  the  currents  from  an  isolated  strip  of  heart  muscle; 
his  view  is  not  unlike  that  of  Eyster,  who  got  E-  and  T-waves  from  isolated  strips 
of  terrapin  ventricle.  Straub  and  Hoffmann  suggest  that  the  EK  is  not  the 
result  of  the  excitation  process  alone  but  depends  also  upon  the  contraction  process 
and  upon  metabolic  changes. 

Florence  Buchanan  believes  that  the  B-wave  is  due  to  a  slight  asynchronism 
between  the  two  ventricles. 

As  a  matter  of  fact,  the  real  explanation  of  the  waves  of  the  ventricular  com- 
plex must  still  be  awaited. 

One  must  always  bear  in  mind  that  the  heart's  contraction  is  not  a  single 
muscular  action,  but  a  coordinate  movement  of  many  parts,  and  the  electrical 


*  Nicolai  has  introduced  another  terminology,  in  which  he  has  attempted  to 
signify  the  cause  of  each  wave  by  the  letter  applied  to  it.    The  first  or  atrial  wave 
he  calls  A   (=  P-wave  of  Einthoven).     The  ventricular  contraction  being  repre- 
sented by  two  main  waves,  the  first  is  lettered  I  for  initial  contraction  (=  B-wave 
of  Einthoven)  and  the  second  F  for  final  contraction  (=  T-wave  of  Einthoven). 
Depressions  below  the  base  line  are  lettered  a  and  p  according  to  the  relation  they 
bear  to  the  three  main  waves.     For  example,  the  Q-  and  6^-waves  of  Einthoven 
are  in  this  nomenclature  called  la  and  Ip.    The  space  between  A  and  /  is  called 
"/t,*'  as  it  represents  the  time  taken  for  the  stimulus  to  pass  over  the  bundle  of  His. 
That  between  /  and  F  is  termed  "t,"  for  during  this  time  the  ventricular  circular 
muscle  or  "Triebwerk"  contracts.    That  between  F  and  A  is  known  as  "p"  because 
it  represents  the  diastohc  pause.    Most  writers  have  adhered  to  the  original  letter 
ing  of  Einthoven. 
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enrve  obtained  is  the  resultant  of  a  large  number  of  component  electrical  poten- 
tials. Any  change  in  the  position  or  relative  strength  of  contraction  of  any 
portion  of  the  heart  will  disturb  this  equilibrium  and  modify  the  form  of  the 
electrocardiogram.  This  is  particularly  striking  in  the  interaction  of  the  muscu- 
lature to  th^  right  and  left  of  the  heart's  axis.  Waller  has  applied  to  this  the 
principle  and  arithmetical  formula  of  the  mechanical  balance,  and  calculates,  from 
the  electrocardiographic  curves,  the  angle  of  inclination  of  the  heart's  axis  in 
relation  to  the  midline  of  the  thorax. 

It  seems  fairly  certain,  however,  that  the  action  currents  begin  during  excita- 
tion of  a  part  and  before  its  actual  contraction.  According  to  Einthoven,  the  first 
electrical  deviation  in  the  ventricular  complex  of  the  EK  occurs  about  0.03  sec. 
before  the  first  sound  of  the  heart  occurs  as  shown  by  mechanical  registration, 
and  about  0.06  sec.  before  the  main  oscillations  of  the  first  sound  occur.  Again, 
the  EK  precedes  the  contraction  of  the  anterior  wall  of  the  ventricle  by  0.03  sec., 
and  the  -R-wave  has  been  finished  for  0.65  sec.  before  there  is  a  rise  in  the  intra- 
ventricular pressure.  The  end  of  the  T-wave  coincides  approximately  with  the  end 
of  the  expidsion-time  of  the  ventricle. 


2.    Clinical  Value  of  Electrocardiography 

Electrocardiography  has  not  only  made  us  acquainted  with  a  whole 
series  of  new  facts  regarding  the  origin  and  conduction  of  excitations 
within  the  heart,  but  it  has  greatly  simplified  the  diagnosis  of  the  several 
forms  of  cardiac  arhythmia.  While  these  arhythmias  could,  it  is  true,  be 
analyzed  before  the  advent  of  electrocardiography  by  means  of  the  arterio- 
grams and  phlebograms  obtained  by  sphymography,  still  the  securing  of 
electrocardiograms  and  their  analysis  are  relatively  simple  compared  with 
the  diflficulties,  the  tedium,  and  the  circumstantiality  of  securing  the 
sphygmographic  data.  As  a  matter  of  fact,  when  a  heart  station,  equipped 
with  a  modem  electrocardiograph,  is  available,  sphygmography  can,  for  the 
majority  of  clinical  purposes,  be  entirely  dispensed  with.  The  informa- 
tion desired  can  be  more  quickly,  more  easily,  and  more  certainly  gained 
by  electrocardiography.  Indeed,  if  we  except  the  usefulness  of  venous 
pulse-tracings  for  the  diagnosis  of  tricuspid  insufficiency  and  of  pulsus 
altemans,  electrocardiography  has  relegated  sphygmography  to  a  place  of 
scarcely  more  than  historical  interest. 


3.    Physiological  Variations  of  the  Electrocardiogram 

P-Wave. — Usually  a  single  wave,  it  may  be  double,  even  normally, 
especially  in  Lead  III.  In  dextrocardia,  the  P-wave  is  negative.  But  a 
normally  situated  and  functioning  heart  may  occasionally  yield  a  negative 
P-wave  in  any  one  or  in  all  three  of  the  leads. 

Q-Wave. — This  is  not  always  present,  or  if  present,  may  be  very 
indistinct.  Not  infrequently,  it  is  better  marked  in  Lead  III  than  in 
Leads  I  and  11. 
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I?- Wave. — ^Always  the  highest  wave,  it  is,  however,  subject  to  great 
variations  in  height.  It  is  smaller  in  Lead  III  than  in  Leads  I  and  IL 
In  hypertrophied  hearts,  the  ii-wave  may  be  very  high. 

5- Wave. — This  is  usually  best  marked  in  Lead  III,  and  most  indb- 
tinct  in  Lead  L  It  seems  to  be  exaggerated  when  the  heart  tends  to  be 
more  horizontally  placed  in  the  thorax  than  normal.  It  was,  formerly, 
believed  to  be  especially  gronounced  in  neurasthenic  states  and  was  even 
dubbed  the  "neurasthenic  wave,^^  but  this  idea  no  longer  prevails. 

T'-Wave. — This  wave  is  extraordinarily  variable,  not  only  in  height 
but  also  in  breadth.  Usually  positive,  it  is  sometimes  negative  normally, 
and  may  even  be  diphasic.  As  age  advances,  the  T-wave  becomes  less  pro- 
nounced (Nicolai).  By  some  it  is  thought  that  a  flattening  of  the  T-wave 
is  an  early  sign  of  myocardial  insufiiciency,  but  this  view  is  strongly  com- 
bated by  others. 

P'Q  Interval. — This  interval,  now  called  the  ''alpha  interval,"  ave^ 
ages  0.1  sec.  in  normal  duration.  In  tachycardia,  it  is  much  briefer.  In 
cases  of  delayed  conduction,  this  interval  may  be  greatly  lengthened. 
Thus  Hoffmann  describes  cases  in  which  the  interval  was  0.23  sec.,  and 
my  colleague.  Prof.  W.  S.  Thayer,  has  studied  a  pathological  case  in 
which  the  alpha  interval  had  the  astonishing  length  of  0.6  sec.  In  one 
of  my  own  patients,  now  under  observation,  the  conduction  time  is  length- 
ened for  some  beats ;  in  an  EE  made  for  me  by  Dr.  Bridgman  the  P-R 
interval  was,  for  a  single  cycle,  no  less  than  1.03  second  1  The  duration 
varied  considerably  in  other  cycles. 

S7*Interval. — This  interval,  now  called  the  **beta  interval,"  may  also 
vary  considerably  under  normal  conditions,  depending  mainly  upon  the 
rate  of  the  heart.  It  is  usually  horizontal  in  course  above  the  abscissa,  but 
it  may  rest  upon  the  base  line  and  is  sometimes  slightly  curved. 

T-P  Interval. — This  interval,  now  called  the  "gamma  interval,"  also 
varies  in  length.  In  it,  as  was  mentioned  above,  we  sometimes  meet  with 
a  i7-wave.  Thus,  in  one  report,  a  t7-wave  was  present  in  44  out  of  49 
persons  in  Lead  IL 

Age  Differences. — The  EK,  in  childhood,  has  been  studied  especially 
by  Nicolai  and  Funaro ;  in  old  age,  by  A.  Hoffmann  and  by  Nicolai.  In 
sucklings,  the  fi^-wave  is  large  and  the  T-wave  small.  In  the  senile  heart, 
the  i?-wave  may  be  negative  in  I^ad  III  and  the  T-wave  is  negative  in  the 
same  lead. 

According  to  Nicolai,  the  general  rules  hold;  (1)  that,  as  life  advances, 
the  i?-wave  gets  larger  and  the  jT-wave  smaller;  (2)  that  with  increasing 
blood  pressure  the  ^-wave  gets  larger  and  the  T-wave  is  first  larger  and 
later  smaller;  and  (3)  that  as  the  heart  increases  in  size  the  iJ-wave  be- 
comes larger  and  the  T-wave  gradually  smaller. 
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4.    The  Electrocardiogram  in  Pathological  States 

It  must  be  emphasized  at  the  beginning  that  one  must  not  expect  the 
EK  to  yield  information  that  it  is  incapable  of  giving.  Above  all,  it 
should  be  recognized  that  the  EK  is  not  a  measure  of  the  functional  ca- 
pacity of  the  heart  in  the  ordinary  sense  of  that  term.  For  a  man  with 
outspoken  myocardial  insufficiency  (dyspepsia,  cyanosis,  anasarca,  dilated 
heart),  may  still  have  an  electrocardiogram  exhibiting  waves  indistinguish- 
able from  those  obtained  from  a  normal  person.  Moreover,  when  com- 
pensation is  reestablished  by  rest,  diet  and  strophanthin,  the  curve  may  be 
the  same  as  in  the  stage  of  decompensation. 

Certain  conclusions  regarding  (1)  the  size  of  the  heart  chambers,  (2) 
the  position  of  the  heart,  and  (3)  above  all,  the  disturbances  of  rhythm 
of  the  heart,  can,  however,  be  drawn  from  the  EK. 

Size  of  the  Heart  Chambers. — A  careful  study  of  the  height  of  the 
waves  in  different  valvular  lesions  has  been  made  by  Steriopulo.  The 
results  are  shown  in  the  following  table  in  which  the  highest  i2-wave  (in 
aortic  insufficiency)  was  taken  as  100  and  the  height  of  the  other  waves 
were  compared  with  it : 


Wave 

Mitral  Stenosis 

Mitral  Insufficiency 

Aortic  Insufficiency 

P 

20.6 
34.6 
21.3 

9 

42 
16 

12 

tC, 

100 

T 

'    ■  •  •  ■ 

••••••••• • 

10 

The  high  P-wave  in  mitral  stenosis  is  a  striking  feature,  due  probably 
to  atrial  hypertrophy.  The  very  high  i2-wave  in  aortic  insufficiency 
may  depend  upon  the  hypertrophy  of  the  left  ventricle.  The  marked  S- 
wave  in  mitral  insufficiency  is  also  interesting. 

Position  of  the  Heart. — In  true  dextrocardia,  in  which  the  heart  is  on 
the  right  side  with  its  long  axis  extending  from  the  left  above  to  the  right 
and  downward,  we  get  a  mirror  picture  of  the  normal  electrocardiogram, 
in  that  the  waves  P,  R  and  T  are  all  directed  downward.  In  false  dextro- 
cardia, in  which  the  heart  is  merely  displaced  to  the  right  by  a  pleural 
effusion  or  by  retraction  of  the  thorax,  this  reversal  of  the  curves  does  not 
occur.  In  congenital  heart  disease,  the  P-  and  T-waves  are  positive  while 
the  P-wave  is  negative. 

Disturbances  of  Cardiac  Rhythm. — Here  the  EK  gives  us  informa- 
tion of  the  greatest  clinical  value.  To-day,  in  the  heart  station  of  our 
larger  clinics,  an  EK  is  made  as  a  routine  measure  in  patients  exhibiting 
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tachycardia,  bradycardia,  respiratory  arhythmia,  extrasystolic  arhythmia, 
perpetual  arhytlimia,  or  conduction  disturbances  causing  partial  or  com- 
plete heart  block. 

The  electrocardiographic  findings  in  these  various  states  are  described 
further  on.     (See  Clinical  Disorders  of  the  Heart  Beat.) 

5.    The  Electrocardiogram  in  Experimental  Physiolo^ 

One  great  advantage  derivable  from  electrocardiography  is  the  possibility  of 
subjecting  ideas,  arrived  at  by  the  clinical  study  of  patients  suffering  from  cardiac 
disease,  to  experimental  test.  If,  for  example,  a  patient  yields  an  atypical  EK 
and  we  think  this  might  be  accounted  for  by  a  given  lesion  in  the  heart,  or  by 
the  origin  of  an  excitation  at  some  abnormal  site,  we  may  go  into  the  laboratory 
and  produce  this  hypothetical  lesion  in  an  animal  or  stimulate  the  animal's  heart  at 
the  unusual  site  postulated,  and  make  an  EK  to  see  if  it  agrees  in  form  with  the 
one  obtained  from  the  patient. 

This  imitation  of  chnical  disorders  by  laboratory  experiment  is  proving  to  be 
exceptionally  useful  in  the  study  of  disturbances  of  the  heart  beat.  Our  concep- 
tions of  cardiac  disease  are  being  rapidly  altered  by  the  thorough  appUeation  of 
graphic  and  of  experimental  methods.  If  one  compare  the  chapter  on  diseases  of 
the  circulation  in  an  up-to-date  text  with  the  chapter  on  the  same  subject  in  a 
text  of  ten  years  ago,  he  will  easily  confirm  his  conviction  regarding  the  evolution 
of  ideas  that  has  been  taking  place.  In  America,  Cohn,  James,  Williams,  Hirsch- 
felder.  Bond,  Bridgman,  Eyster,  Meakins,  the  Oppenheimers,  White,  Carter, 
Rothschild  and  others  have  been  engaged  in  this  work.  In  England,  aside  from 
the  pioneer  work  of  Waller,  Bayliss  and  Starling,  brilliant  experimental  work  has 
been  carried  on  by  Thomas  Lewis  and  his  associates  in  London,  and  by  Gotch  and 
Florence  Buchanan  at  Oxford.  Those  interested  should  read  the  '^Lectures  on 
the  Heart"  recently  delivered  in  this  country  by  T.  Lewis. 
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G.    Measurements  of  Blood  Pressure 

(Sphygmomanometry,  or  Tonometry,  of  (he  Blood  Vessels) 

1.    Introduction 

Methods  of  determining,  clinically,  the  maximal  (systolic)  and  minimal 
(diastolic)  pressure  in  the  arterial  system,  and  of  measuring  the  pressure 
in  the  superficial  veins,  have  been  worked  out  and  are  of  value  for 
diagnosis.  By  blood  pressure  is  meant  the  pressure  exerted  by  the  blood 
at  any  selected  point  in  the  circulation  at  a  given  moment,  either  on  the 
blood  current  lying  in  front  of  it  (end  pressure)  or  on  the  vessel  wall 
(lateral  pressure).  The  pressure  on  the  wall  of  the  vessel  is  a  little  less 
than  that  on  the  column  of  blood  in  front,  since  the  latter  includes  not  only 
the  pressure  proper  but  also  the  force  in  the  stream  itself.  The  pressure 
varies  at  different  points  (intraventricular,  aortic,  brachial,  radial,  capil- 
lary, venous,  intra-atrial).  Clinically,  we  measure  the  arterial  pressure  in 
the  brachial  artery  and  the  venous  pressure  in  the  veins  of  the  hand  or  in 
the  median  vein  at  the  elbow. 

In  physiological  experiments,  cannulae  can  be  introduced  into  open  ves- 
sels for  measuring  the  blood  pressure,  but  in  clinical  work  we  use  bloodless 
methods  of  determination. 

Definitions. — By  maximal  arterial  blood  pressure  or  systolic 
PRESSURE  is  meant  the  highest  point  reached  by  the  blood  pressure  in  the 
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artery  during  the  ventricular  systole  (pulsatory  blood  pressure  maximum). 

By  MINIMAL  ABTERIAL  BLOOD  PRESSURE  Or  DIASTOLIC   PRESSURE   is  meant 

the  lowest  point  reached  by  the  blood  pressure  within  the  artery  during 
ventricular  diastole  (pulsatory  blood-pressure  minimum). 

If  we  subtract  the  minimal  from  the  maximal  blood  pressure,  we  ob- 
tain what  is  known  as  the  pulse  pressure  or  pulse-pressure  amplitude. 
For  example,  if  the  systolic  pressure  be  124  and  the  diastolic  pressure  84, 
the  pulse  pressure  is  40.  The  term  mean  pressure  is  used  to  designate 
the  average  pressure  during  a  certain  periody  not  the  arithmetic  mean 
between  the  maximal  and  minimal  pressures. 
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2.    Instruments  for  Determination  of  Arterial  Blood 

Pressure 

The  earlier  instrutneiits  enij)]oye(l  for  clinical  use  were  (1)  the  sphyg- 
momanometer of  vcm  Hasch,  (2)  that  of  Riva  Kocci,  and  (3)  the  tonome- 
ter of  Gartner.  There  are  now  a  number  of  modifications  of  these  instru- 
ments and  it  is  unnecessarv  to  describe  all  of  them. 
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The  principles  underlying  all  these  instruments  for  bloodless  blood- 
pressure  determinations  are  the  same:  (1)  the  arterial  pulse  is  obliterated 
by  compression  from  without  by  means  of  a  cuff;  and  (2)  the  pressure 
necessary  for  this  is  measured  by  some  form  of  manometer.  By  the  older 
methods,  only  the  systolic  pressure  could  be  measured ;  the  newer  instru- 
ments permit  of  accurate  determinations  of  both  systolic  and  diastolic 
pressure. 

(a)    The  Cuff  for  Compressing  the  Arm 

The  arm  is  encircled  by  an  elastic  cuff  or  arm  band,  which,  when  in- 
flated by  pumping  air  into  it,  obliterates  the  arterial  pulse  below  the  cuff 
as  soon  as  the  pressure  within  has  been  sufficiently  raised.  It  is  best 
quickly  to  increase  the  pressure  to  some  point  above  that  necessary  to 
obliterate  the  radial  artery,  and  then  to  allow  the  air  smoothly  to  escape 
until  the  pulse  just  reappears  in  the  radial  artery.  This  point  corresponds 
to  the  maximal  systolic  pressure;  that  is,  an  external  pressure  has  been 
supplied  just  sufficient  in  amount  to  overcome  the  internal  resistance, 
which  includes,  in  addition  to  the  blood  pressure,  the  force  of  the  stream, 
the  arterial  wall,  and  the  surrounding  soft  tissues.  Comparative  observa- 
tions on  animals  show  that  readings  thus  obtained  differ  by  only  a  few 
millimeters  from  direct  blood-pressnre  readings  obtained  by  the  insertion 
of  a  cannula  into  the  arterv. 

The  width  of  the  cuff  is  very  important.  In  the  original  Riva-Rocci 
instrument  the  cuff  used  was  only  5  to  6  cm.  broad  and  the  readings  ob- 
tained were  40  per  cent  too  high,  owing  to  the  fact  that  a  part  of  the 
pressure  in  the  cuff  was  used  up  in  dislocating  the  soft  parts  of  the  arm. 
The  error  was  especially  great  in  stout  people.  If,  as  suggested  by  v. 
Recklinghausen,  a  cuff  12  to  15  cm.  broad  be  used,  the  error  is  much 
smaller,  amounting  to  only  about  10  per  cent,  as  has  been  proven  by  ex- 
periments on  human  beings  in  which  a  cannula  has  actually  been  inserted 
into  the  open  artery  for  control  (amputations). 

In  children,  a  cuff  7  cm.  in  width  is  sufficient. 

It  is  customary  to  apply  the  cuff  over  the  upper  arm,  a  little  above  the 
elbow.  The  sleeve  of  a  thin  shirt,  or  of  a  thin  blouse,  between  the  arm  and 
the  cuff  is  not  objectionable.  The  error  when  the  cuff  is  thus  applied  is 
less  than  when  a  tight  sleeve  is  rolled  up  above  a  cuff  in  order  to  apply 
the  latter  directly  to  the  skin.  The  reasons  for  choosing  the  brachial 
artery  in  blood-pressure  determinations  are,  according  to  Janevvay,  as 
follows:  "It  gives  us  the  systolic  lateral  pressure  within  the  subclavian, 
since  brachial  and  axillary  are  continuous  in  direction,  and  therefore  a 
near  approximation  to  systolic  lateral  pressure  in  the  aorta.  This,  com- 
bined with  estimation  of  diastolic  lateral  pressure  in  the  brachial,  which 
is  practically  the  same  as  aortic  diastolic  pressure,  gives  the  best  insight 
into  actual  variations  of  systemic  blood-pressure.''     It  must  be  remem- 
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bered,  however,  that  though  the  brachial  pressure  is  generally  equal  to 
that  in  the  aorta,  it  is  not  always  so.  There  are  observations  that  indi- 
cate that  the  pressure  in  the  bracliial  arteries  of  the  two  sides  may,  in  the 
same  person,  vary  as  much  as  20  mm.  (Bing). 

(b)    Manometer$  for  Measuring  the  Pressure  Within  the  Cuff 

Several  varieties  of  manometer  are  in  use.  They  include  (1)  mereuiy 
manometers,  (2)  compressed-air  manometers,  (3)  aneroid  manometers, 
and  (4)  spriiig  manometers. 

Hercniy  ManometO'S. — Two  main- types  of  these  have  been  intro- 
duced: (1)  the  reservoir  type,  and  (2)  the  U-shaped  iype. 

Keseqvoib  Type  of  JIercdkt  JIanometbr. — The  Eiva  Rocci  is  the 
typical  example  of  the  reservoir  type. 

The  Riva-Rocci  Instrument. — JIany  modifications  of  the  Riva-Rocci 
instrument  are  on  the  market,  including  (1)  the  new  Nicholson  (probably 
the  best),   (2)    the  Cook,   (3)   the  Staunton,  and   (4)   the  Hill  instru- 
ment.     Other   similar   instruments   are   the  Kercher,   the  Gartner  and 
the  Westenrijk. 

jholson-Princo  sphygmomanometer  comes 
nd  18  easily  portable.  It  yields  reliable 
18  a  stopcock  that  can  be  closed  if  one 
in  the  pressure  for  any  length  of  time 
ERcuRY  JIasometers. — The  two  beat  in- 
s  type  are  (1)  Janeway'a  sphygmomn- 
)  Faught's  mercury  sphygmomanometer. 
ts  of  similar  type  are  those  introduced  by 
ell,  by  llercer,  and  by  Fellner. 
inslrumeiit  is  very  popular  among  Amer- 
The  manufacturers  now  supply  it  with  a 
little  metal-valve  pump  instead  of  the 
rubber  bulb  formerly  used. 

Another  instniment,  popular  in  this 
country,  is  that  of  Faughi.  It  ia  com- 
pact, makes  use  of  a  metal  pump,  and 
of  a  special  expansion  tubing  for  the 
inflator. 

Oompressed-Air  Manometers. — Ma- 
nometers of  this  type  are  also  conven- 
ient. A  little  colored  liquid,  or  a  little 
iriercury,  is  placed  in  the  bulbous  end  "f 
a  glass  tube.  On  raising  the  pressure,  a 
drop  of  this  fluid  is  forced  up  into  tie 
tube   and    is   an    index   from   which 


224.— The  N 

e»  Nl 

in  SijhyEmo- 

[.rrtimcnt  Fit 

Whci 

Rlnto 

aMoi 

sed.   tlic    In- 
■orco  Pocket- 

ca»p,  which 

Conta 

Ins  al 

lt.0  the  Bulb 

and    Cull. 

(By 

!ay    of    rre- 

clBiDD   Ther. 

and 

mat 

Co..  Phlla- 

delphlB.) 

MEASUREMENTS    OF    BLOOD    PRESSURE 


the  height  of  the  pressure  can  be  rrad.      The   Oliver  mercurial  com- 
pressed-air manometer  is  perhaps  the  best  known  instrument  of  this  type. 

B  e  II  d  i  c  k  '  8  air-water 
sphygmomanometer  and 
Hertz's  apbygmomanometer 
are  other  examples. 

Aneroid  Manometers. — 
These  are  very  convenient 
for  bedside  use,  being  small 
and  easily  portable.  They 
may  require,  however,  to  be 
adjusted,  at  intervals,  on  com- 
parison with  a  mercury  ma- 
nometer. Many  physicians 
prefer  a  mercury  manometer 
for  office  work  and  use  an 
aneroid  manometer  for  house- 
to-house  visits.  Of  the  several 
aneroids  on  the  market,  the 
best  known  are  (1)  the  Rog- 
ers-Tycos,  (2)  the  Faught 
aneroid,  and  (3)  Pachon's 
sphygmometric  oscillometer. 

I  have  myself  used  the  Rogers- T; 


3  instrument  for  a  number  of  years 


with  satisfaction.     Bachman  praises  highly  Pachon's  instrument.     It  is 
said,  however,  that  the  latter  yields  systolic  readings  20  to  40  mm.  Hg, 
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~  higher   than   does  the   Staunton   apparatus, 

tliough  its  diastolic  readings  show  lees  dis- 
crepancy. 

Other  types  of  aneroid  manometers  on 
the  market  are  (1)  Brunton's,  and  (2)  Jao- 
quet's. 

Spring  Manometers.  —  An  inBtrument 
I  much  in  use  in  Germany  ie  von  Reckling 
hausen's  tonometer.  I  have  used  this  in- 
strument and  find  it  very  clumsy.  It  is  far 
less  satisfactory  than  the  instruments  in 
general  use  in  this  country. 


I.  227. — TjcoB  Spbrgmoinaooni' 
eter.  Method  ot  Vac:  I'olntPi 
on  Dial  Operated  b;  an  Ado- 
raid  Cbambcr  or  Corrugati'i] 
Uelal— Not  a  SprJug.  (By 
eoarlcBj  of  Taj  lor  Instru- 
ment Co..   Rocb«ster,   N.   Y.) 


c)    Instrumentt  for  Graphic  Regittration 
of  Blood  Preaaure 

For  the  most  careful  studies,  graphic 
tracings  of  the  radial  pulse  may  be  taken 
while  the  pressure  in  the  cuff  is  failing  from 
a  level  above  that  of  the  systolic  pressure  to 
a  level  below  that  of  the  diastolic  pres- 
sure. For  ordiuary  clinical  purposes  this 
is  entirely  unnecessary,  but  when  original 
research  is  being  carried  out,  it  may  be 
de.sirable  to  employ  this  method.  Of  the 
instruments  in  use  for  this  purpose  the 
most    convenient     is    Erlanger's    aphygmo- 

lecord- 
insbii' 
Silva- 


-KauKht'ii  Blofld-p 
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rnann's  tonograph,    Muenzer's  sphygmoturgograpli,   Brugsob's  Bi^ygmo- 
tonograj^,  Fleischer's  turgograph,  and  Bussenius'  spbygmotonogra^ 


(By  court. 

(rf)     Oscillatory  tnatrumenta 

la  addition  to  tliose  already  described,  mention  should  he  made  of 
certain  instruments  fitted  with  oscillating  devices,  intended  to  magnify 
(indirectly)  the  fliictHatioiis  of  the  mercurial  column  or  of  the  pulsations 
in  the  cuflf.  They  have  been  especially  useful  in  the  study  of  diastolic 
pressure.  Among  these  may  be  mentioned,  Bing's  sphygmomanometer, 
Pal's  sphygmoscope,  Fcdde's  oscillometer,  Widmer's  oscillomanometer,  and 
Vaquez's  sphygmosignal. 

(e)    Selection  of  an  Instrument  for  Measuring  Blood  Pressure 

For  ordinary  clinical  work,  I  would  advise  either  a  small  aneroid 
manometer  (Rogers-Tycos  or  Eaught)  or  a  simple  mercury  manometer  of 
the  Riva-Rocci  type  (new  Nicholson,  Janeway  or  Eaught).  I  advise  using 
the  palpatory  method  for  the  determination  of  the  systolic  pressure,  and 
the  auscultatory  method  for  the  determination  of  the  diastolic  pressura 
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3«    Determination  of  the  Maximal  (Systolic) 

Arterial  Pressure 

(a)     The  Palpatory  Method 

This  is  probably  the  best  method  for  clinical  determinations  of  maxi- 
mal pressure.  The  cuff,  12  cm.  in  width,  is  applied  on  the  arm  and 
inflated  until  the  radial  pulse  disappears.  Air  is  then  allowed  cautiously 
to  escape  until  the  radial  pulse  suddenly  reappears.  The  exact  moment  is 
easy  to  determine.  On  watching  for  the  return  of  the  radial  pulse  the 
artery  should  be  palpated  with  the  ball,  rather  than  with  the  tip,  of  the 
finger. 

The  patient  should  be  examined  in  the  sitting  or  recumbent  position. 
A  first  reading  may  be  quickly  made  to  prove  to  the  patient  that  the  pro- 
cedure is  harmless  and  not  painful.  This  reading  may  be  discarded  and  a 
subsequent  reading  accurately  made.  If  the  patient  be  excited  or  anxious, 
this  should  be  noted  and  a  later  reading  made.  The  arm  should  not  be  kept 
compressed  long  and  the  pressure  should  be  allowed  to  fall  to  zero  between 
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observations,  sufficient  time  between  readings  being  permitted  for  the 
venous  pressure  to  fall  to  the  normal  level. 

Sometimes,  a  few  beats  will  go  through  to  the  wrist  at  a  much  higher 
pressure  than  the  majority  of  bt^ats ;  if  so,  this  fact  should  be  noted. 

(6)    Oscillatory  and  Auscultatory  Methods 

These  methods  can  be  used  also  for  the  determination  of  the  maximal 
systolic  pressure,  but  are  less  satisfactory  than  the  palpatory  method  above 
described.  For  the  details  of  tliese  methods,  the  reader  may  consult  the 
treatise  of  Norris  or  that  of  Janeway. 


4.    Determination  of  the  Minimal  (Diastolic) 

Arterial  Pressure 

One  may  use  the  palpatory,  the  oscillatory  or  the  auscultatory  method. 
For  very  exact  determinations  by  the  oscillatory  method,  the  Erlanger 
instrument  is  perhaps  best;  but  for  all  ordinary  clinical  work,  the  aus- 
cultatory method  of  Korotkow  is  strongly  recommended. 

(a)    Palpatory  Method  (Janeway) 

By  this  method  the  amount  of  external  pressure,  just  sufficient  to  make 
the  pulse,  peripheral  to  the  site  of  compression,  begin  to  become  smaller,  is 
regarded  as  the  "palpatory  minimal  arterial  pressure.^'  If,  for  example, 
the  maximal  blood  pressure  in  the  brachial  artery  amounts  to  115  mm.  of 
mercury  and  the  minimal  pressure  to  65  mm.,  the  pressure  in  the  radial 
artery  will  vary  by  about  50  mm.  with  every  pulse  beat.  If  one  now  blow 
up  the  cuff  on  the  arm  so  that  the  manometer  indicates  a  pressure  of  70 
mm.,  the  artery  is  closed  imtil,  with  the  rise  of  the  pulse  wave,  the  intemal 
pressure  reaches  70  mm. ;  a  little  less  blood  will  therefore  pass  through 
and  the  pulse  must  become  smaller.  This  diminution  of  the  pulse  can  be 
felt  on  palpation,  though  it  is  best  registered  as  a  radial  sphygmographic 
curve;  while  the  pressure  in  the  cuff  over  the  brachial  is  gradually  in- 
creased, every  five  millimeters  of  pressure-increase  is  noted  on  tlie  radial 
arteriogram.  Jacquet's  sphygmotonograph  or  Uskow's  instrument  will  be 
found  convenient,  permitting  the  recording  of  blood  pressure  in  milli- 
meters of  mercury  simultaneously  and  on  the  same  strij)  with  other 
tracings.  The  method  yields  results  that  are  25  to  30  per  cent  higher 
than  the  figures  obtained  when  the  open  artery  is  used  for  control  (Miiller 
and  Blauel).  The  palpatory  method  has  given  place  to  the  auscultatory 
method. 
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(6)     OseiUatory  Method  {von  Recklinghausen;  ErUmger) 

If  one  observe  tlie  slightly  oscillating  level  of  the  mercury  menisciiE  in 
the  manometer,  or  the  very  small  excursions  of  the  needle  of  a  spring 
tonometer  or  of  an  oscillometer,  when  a  pressure  somewhat  below  the 
minimal  pressure  is  determined  by  method  (a),  he  will  note  that  when 

the  pressure  is  gradual- 
ly increased  a  point  will 
be  reached  where  lai^r 
excursions  suddenly  ap- 
pear. The  pressure  then 
existing  is  called  the 
"oscillatory  minimal  ar- 
terial pressure"  (Erlan- 

ger).     As   lone  as  the 
Fig.  230. — Dctprmlnatlon  of  Mailmal  and  Minimal  Presimre  -      ■  j      .l 

br    Erl>ngpr-a   ApparBtu« ;   Mailmal    rrcsBore  at   About     prCSSUrS    inSlde   the  al- 

HB,     Minimal     st     About     B5 ;     Brachial     ArtPriogram     tprv  ji*  Tint  reimncnsfltpH 

Beneath.     (Peraonal  Obserratlon.  J.   H.   H.)  ^^^J   '^  °°''  COmpenSalwl 

for  by  an  equal  external 

pressure,  the  arterial  wall  makes  only  slight  excursions,  but  as  soon  as  the 

external  compression  corresponds  to  the  inner  pressure,  the  arterial  wall 

can  float  freely  and  will  comnniiticate  large  excursions  to  the  air  in  the  cuff. 

As  soon  then  as  the  pressure  in  the  cuff  has  just  exceeded  tlie  minimal 


f.  2;il.^Tbe  AiiHCuKatory  Uptbod  of  DetermlDlag  Minimal  Blood  Pressure,  (From  G.  W. 
NorrlB,  "Blood  Ptesaure :  lis  Cllnlval  Appllcatluus,"  publlxbed  b;  Lea  A  Febl(«r,  Ftilli- 
delpbla.) 
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blood  pressure  (for  a  part  of  the  pulse  wave),  the  oscillations  of  the 
mercury  or  of  the  tonometer  needle  become  larger. 

(c)    Auscultatory  Method  {Korotkow) 

This  is  the  simplest  and,  in  my  opinion,  the  best  clinical  method  for 
determining  the  minimal  pressure.  It  has  been  carefully  controlled  in  my 
wards  and  can  be  warmlv  recommended. 

A  cuff  is  applied  over  the  brachial  artery  and  the  pressure  in  it  raised 
until  the  radial  pulse  disappears.  The  bell  of  the  stethoscope  is  then 
placed  over  the  ulnar  artery  close  to  the  cuff.  If  the  pressure  in  the  cuff 
be  now  allowed  to  sink  gradually  one  will  hear  a  slight  tone,  usually  at 
the  moment  the  first  pulse  wave  is  felt  at  the  wrist  or  a  little  earlier  (maxi- 
mal auscultatory  arterial  pressure).  As  the  pressure  is  allowed  to  sink 
further,  the  tones  accompanying  the  pulse  beats  grow  louder  and  are  some- 
times accompanied  by  blowing  murmurs.  Soon  after  these  become 
maximal,  a  point  is  reached  when,  on  further  lowering  of  the  pressure,  the 
sounds  suddenly  become  feebler  and  soon  vanish  entirely.  The  sudden 
enfeeblement  of  the  sounds  corresponds  exactly  to  the  junction  of  larger 
and  smaller  oscillations  in  the  preceding  method  and  indicates  the  level  of 
the  "auscultatory  minimal  blood  pressure."  It  is  customary  now  to  speak 
of  FIVE  DISTINCT  PHASES  as  the  souud  varies  during  the  fall  of  the  pres- 
sure in  the  cuff. 

First  Phase. — When  the  pressure  falls  to  the  level  of  the  maximal 
systolic  pressure,  an  arterial  tone  is  heard,  not  unlike  the  first  sound  of  the 
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Fig.  232. — Qallayardin's  Diafirrammatic  Representation  of  the  Auscultatory  PhaRes.  I.  Arterial 
Tone  (Muffled);  II,  Tone  and  Murmur;  III.  Arterial  Tone  (Loud  and  Unaccompanied 
by  Murmur;  IV,  Sudden  Diminution  and  Mufning  of  Sound.  The  Beginning  of  IV 
Indicates  the  Diastolic  Minimal  Pressure.  (From  G.  W.  Norrls,  "Blood  Pressure:  Its 
Clinical  Applications,"  published  by  Lea  &  Feblger,  Philadelphia.) 

heart.  It  is  due  to  the  return  of  the  pulse  wave  in  the  artery,  the  vibra- 
tions being  supplemented  by  the  resonance  of  the  air  within  the  cuff. 

Second  Phase. — As  the  pressure  in  the  cuff  falls  further,  the  sound 
of  the  first  phase  is  accompanied  by  a  hissing  murmur,  due  to  the  forma- 
tion of  a  "liquid  vein"  as  the  blood  flows  through  the  constriction  into  the 
wider  artery  below. 

Third  Phase. — ^As  the  minimal  diastolic  pressure  is  approached,  the 
murmur  of  the  second  phase  disappears,  and  a  tone,  usually  much  louder 
than  that  of  the  first  phase  becomes  audible.  The  murmur  disappears 
because  the  lessening  of  the  constriction  of  the  artery  leads  to  a  (lisappear- 
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ance  of  the  'liquid  vein."  This  third  phase  corresponds  to  the  period  of 
large  oscillations  in  the  curve  obtainable  by  Erlanger's  apparatus;  it  is 
the  period  of  maximal  arterial  filling  and  collapse.  The  external  pressure 
is  now  causing  a  partial  flattening  of  the  artery  (Mac William  &  Melvin). 


Illll 


I  I 


Fig.  233. — Gallayardiii*fl  Diagram  Illustrattiig  the  Relationship  Between  the  OsdUatory  and 
the  Auscultatory  Phenomena.  The  End  of  the  Third  Auscultatory  Phase  Corresponds 
to  the  Last  Large  Oscillation.  (From  Q.  W.  Norrls,  '*Blood  Pressure:  Its  Clinical 
AppUcations,"  published  by  Lea  &  Fcbiger»  Philadelphia.) 

Fourth  Phase. — At  the  end  of  the  third  phase,  if  the  sound  be  atten- 
tively listened  to,  it  will  be  found  to  become  diminished  suddenly  and 
markedly  and  to  assume  a  muffled  character  (Ettinger,  1907).  The  onset 
of  this  fourth  phase  indicates  the  exact  moment  in  which  the  pre^stire 
within  the  cuff  corresponds  to  the  minimal  (diastolic)  pressure  in  the 
brachial  artery. 

Fifth  Phase. — The  fourth  phase  is  very  short;  at  the  end  of  it,  the 
sound  disappears  entirely  (fifth  phase).  These  phases  and  their  relations 
to  the  oscillations  of  the  mercury  column  liave  been  diagrammatically 
represented  by  Gallavardin^  Careful  studies  of  th^  duration  of  the  differ- 
ent phases  have  been  made  by  Goodman  and  Howell  (1911). 

For  listening  to  the  sounds  in  the  radial  artery  on  using  the  auscultatory 
method,  Filling's  bracelet  stethoscope  is  convenient.  It  may  be  used  with  any 
form  of  sphygmomanometer.  After  the  arm  band  has  been  applied  in  the  ordi- 
nary way  above  the  elbow,  the  bracelet  is  adjusted  over  the  radial  artery  just  below 
the  bifurcation.    The  sounds  can  then  be  observed  very  accurately. 

The  auscultatory  method  has  one  limitation;  it  is  somewhat  unsatis- 
factory when  tones  are  audible  in  the  peripheral  arteries  before  the  cuff  is 
applied  (e.  g.,  in  aortic  insufficiency)  ;  it  can  be  used,  however,  by  paying: 
close  attention  to  the  beginning  of  the  4th  phase ;  the  5th  phase  is  absent 

In  recording  minimal  pressure  in  clinical  histories,  the  mode  of  deter- 
mination (palpatory,  oscillatory  or  auscultatory)  should  always  be  men- 
tioned. While  the  auscultatory  and  oscillatory  values  are  identical  when 
accurately  determined,  the  palpatory  value  is  higher  and  corresponds  to  a 
somewhat  diflFerent  point  on  the  blood  pressure  curve.     The  true  minimal 
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diastolic  pressure  within  the  artery  is  not  quite  identical  -with  any  of  the 
clinically  determined  "minimal  pressures" ;  the  "maximal  systolic  pres- 


sure" as  determined  clinically  undoubtedly  approaches  much  more  closely 
to  the  true  systolic  intra-arterial  pressure. 
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5.    The  Arterial  Blood  Pressure  Under  Norma! 
Conditions 

In  young  adults,  between  20  and  25  years  of  age,  the  blood  pressure, 
measured  when  the  individual  is  reclining,  averages  110  mm.  maximal 
(systolic),  65  mm.  minimal  (diastolic),  and  30-45  mm.  pulse  pressure 
(J.  Erlanger). 
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In  1,000  presumably  healthy  individuals  reported  by  Woley,  the  aver- 
age maximal  (systolic)  blood  pressure,  determined  with  the  Tycos  instru- 
ment was  as  follows : — 

Age  15  to  30 122 

"     31  to  40 127 

"     41  to  50 130 

"     51  to  60 132 

As  the  upper  unit  of  normal,  Woley  regards  140  mm.  at  the  period 
between  15  and  30,  and  155  at  60.  In  women,  the  blood  pressure  normally 
averages  8-10  mm.  below  that  of  men  of  the  same  age. 

In  infancy,  the  maximal  pressure  is  about  80  mm.  (Trumpp).  Up  to 
the  tenth  year  it  rarely  exceeds  90  mm. ;  at  or  near  puberty  it  ranges  be- 
tween 90  and  110  mm. 

(a)    Variations  Under  Physiological  Conditions 

Gravity  has  a  distinct  effect  as  shown  by  change  in  posture;  on  standing,  after 
l3dng  recumbent,  the  minimal  (diastoUc)  pressure  rises,  the  pulse  pressure 
decreases,  and  the  heart  rate  is  accelerated  (Erlanger  and  Hooker). 

The  eating  of  food  increases  the  maximal  (systolic)  pressure,  the  pulse  pressure, 
and  the  heart  rate. 

The  effect  of  muscular  exercise  is,  at  first,  similar  to  that  of  eating,  but  on 
fatigue  the  blood  pressure  falls  and  tlie  heart  is  slowed  (Schott,  Cabot). 

It  has  been  shown  that  mental  effort,  like  stimulation  of  a  sensory  nerve,  causes 
vasoconstriction,  rise  of  blood  pressure  (especially  of  the  minimal  pressure),  and 
acceleration  of  the  heart  rate.  During  sleep,  there  is  a  shght  fall  in  marimul 
blood  pressure  and  a  marked  fall  in  the  minimal  blood  pressure. 
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6«    The  Blood  Pressure  in  Pathological  States 

(a)    Chronic  Arterial  Hypertension 

Among  the  pathological  states  in  which  the  blood  pressure  may  con- 
tinue to  be  much  higher  than  normal  over  a  long  period,  may  be  men- 
tioned: (1)  increased  intracranial  tension,  (2)  chronic  nephropathies, 
especially  contracted  kidneys,  (3)  aortic  insuflSciency,  (4)  certain  forms  of 
arteriosclerosis,  (5)  chronic  polycythemia,  (6)  certain  cases  of  Graves's 
disease,  and  (7)  chronic  cyanosis,  especially  that  due  to  failing  myocar- 
dium. 

When  there  is  an  increase  of  intracranial  tension,  due  to  meningitis,  brain 
tumor  or  other  cause,  the  maximal  blood  pressure  may  become  very  high  (300-400 
mm.  of  Hg),  the  minimal  blood  pressure  may  rise  to  160,  and  there  is  bradycardia. 
Whenever  the  intracranial  pressure  rises  above  the  blood  pressure,  general  vaso- 
constriction due  to  stimulation  of  the  vasomotor  center  results;  the  blood  pressure 
rises  in  a  series  of  stages  (Traube-Hering  waves)  until  the  mean  blood  pressure 
exceeds  the  intracranial  pressure  (Gushing).  Nitrites  do  harm  in  such  cases, 
though  lumbar  puncture  or  cerebral  decompression  may  be  beneficial  by  lowering 
intracranial  pressure. 

In  chronic  diffuse  renal  diseases,  especially  those  in  which  the  kidneys  are 
contracted,  high  blood  pressures  (150  to  300  mm.)  are  conunon,  though  in  some 
cases,  not  well  understood  as  yet,  the  blood  pressure  may  not  be  elevated.  The 
cause  of  the  arterial  hypertension  in  chronic  renal  disease  has  been  much  discussed 
Some  have  attributed  it  to  narrowing  of  the  renal  arterioles  and  consequent  defec- 
tive elimination  of  urinary  solids,  esp>ecially  of  the  non-coagulable  nitrogenous  sub- 
stances of  the  blood.  Experimental  researches  indicate  that  reduction  of  the 
amount  of  kidney  substance  in  the  body  will  lead  to  arterial  hypertension  and  to 
hjrpertrophy  of  the  heart.  As  endocrinology  has  advanced,  theories  that  the  hyper- 
tension is  of  borraonic  origin  have  been  advanced;  thus  some  have  held  an  internal 
secretion  of  the  kidney  (renin)  responsible,  others  a  hypersecretion  of  epinephrin 
(Vaquez,  Neusser)  with  resulting  epinepbrinemia ;  neither  theory  has  had,  as  yet, 
sufficient  support. 

According  to  Janeway,  h3rpertension  of  renal  origin  may  be  due:  (1)  to  a 
purely  quantitative  reduction  of  renal  tissue  with  resulting  hypertonus  due  to 
retained  poisons,  (2)  to  the  poisons  which  into'xicate  the  nervous  system  giving 
rise  to  the  symptoms  which  we  call  ^'uremic,"  (3)  to  a  supenmposition  of  a  renal 
factor  upon  a  hypertension  due  primarily  to  an  irritability  of  the  vasoconstricting 
mechanism  and  which  leads  to  general  sclerosis  of  the  small  arterioles,  including 
those  of  the  kidneys. 

Recently,  Voegtlin  and  Macht  have  discovered  a  crystalline  pressor  substance, 
not  epinephrin,  which  stimulates  the  heart  and  causes  pronounced  vasoconstriction; 
they  believe  it  to  be  a  derivative  of  cholesterin,  and  think  that  it  may  originate 
in  the  adrenal  cortex.    N.  B.  Foster,  in  1915,  reported  the  isolation  of  a  crystalline 
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substance  from  the  blood  of  uremic  patients,  which  may  prove  to  be  of  great 
importance. 

In  nephropathic  hypertension  the  maximal  pressure  is  as  a  rale  more  increased 
than  the  minimal ;  there  is,  accordingly,  a  large  pulse  pressure.  It  has  been  shown 
that  the  minute-volume  of  the  heart  and  the  systolic  output  are  normal  or  a  little 
subnormal  (Bergmann  and  Plesch)  and  the  rate  of  flow  is  not  increased  (Stewart). 

Apoplexy,  uremia,  myocardial  insufficiency,  paroxysmal  dyspnea,  Cheyne- 
Stokes  breathing,  and  edema  of  the  lung^  are  among  the  complications  not  infre- 
quently encountered  in  cases  of  chronic  hypertension. 

In  aortic  insufficiency,  the  large  pulse  pressure  depends  upon  (1)  increase  of 
maximal  pressure  (180-200  mm.)  and  (2)  reflex  decrease  of  minimal  pressure 
(30-60  mm.).  The  main  fall  of  pressure  is  systolic  in  time  and  is  due  to  increased 
capillary  flow,  not  to  regurgitation  into  the  heart  in  diastole  (H.  A.  Stewart). 

In  aortic  insufficiency,  there  may  be  a  large  difference  (as  much  as  150  mm.) 
between  the  maximal  blood  pressure  in  the  arm  and  that  in  the  leg,  when  both 
are  measured  when  the  patient  is  in  the  recumbent  posture.  Under  normal  condi- 
tions, these  pressures  are  equal. 

Among  the  forms  of  arteriosclerosis  accompanied  by  arterial  hypertension, 
that  in  which  the  small  arterioles  are  principally  involved  (arteriocapillary 
fibrosis,  arteriolar  sclerosis)  is  the  most  important.  Even  then,  it  may  be  the 
involvement  of  the  renal  arterioles  that  counts  most.  The  larger  arteries,  like  the 
brachial  and  radial,  may  be  extensively  sclerosed  without  causing  hypertension. 

The  high  blood  pressure  due  to  vasoconstriction  before  arteriosclerosis  has  set 
in  is  called  hyperpiesis  (Allbutt).  Patients  suffering  from  arteriosclerosis  are 
more  prone  than  normal  individuals  to  suffer  from  crises  of  vasoconstriction — the 
so-called  ''vascular  crises''  (Collier;  Pal).  Such  crises  are  common  also  in  tabes, 
in  lead  poisoning,  in  pregnancy,  and  in  the  nephropathies.  Here  belong  angina 
pectoris,  angina  abdominis,  crises  of  constriction  of  the  cerebral  arteries,  and 
intermittent  claudication.  In  these  vascular  crises,  the  maximal  pressure  may  rise 
40-80  mm.  of  Hg.  A  patient  with  angina  pectoris  may  have  a  low  blood  pressure 
Ordinarily  and  high  pressure  during  his  attacks. 

In  one  form  of  chronic  polycythemia,  sometimes  designated  ''polycythemia 
hypertonica"  (Geisbock),  arterial  hypertension  is  present.  The  cause  of  the 
hypertension  is  not  known. 

In  Graves's  disease,  the  blood  pressure  may  be  normal  or  low,  but  in  some 
cases,  outspoken  arterial  hypertension  is  present.  When  the  blood  pressure  is 
high  in  exophthalmic  goiter,  the  cause  is  to  be  sought,  not  in  the  thyreointoxication 
directly,  but  rather  in  the  secondary  processes  in  the  heart,  blood  vessels  or  kidneys. 

In  chronic  cyanosis,  due  to  a  failing  heart,  the  arterial  hypertension  may 
be  marked,  due  to  overloading  of  the  blood  with  CO,  and  stimulation  of  the  vaso- 
constrictors as  in  experimental  asphyxia.  This  form  of  high  blood  pressure  asso- 
ciated with  venous  stasis  has  been  carefully  studied  by  Sahli,  who  calls  it  "high 
pressure  stasis."  Cardiotonic  therapy  will  often  reduce  the  blood  pressure  in  these 
cases  by  overcoming  the  myocardial  insufficiency  so  that  the  blood  is  better  aerated. 
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(6)    Acute  and  Chronic  Arterial  Hypotension 

A  persistently  low  blood  pressure  is  more  often  due  to  loss  of  arterial 
tonus  than  to  failure  of  the  heart.  Hypotension  is  common  in  (1)  acute 
infections,  (2)  pulmonary  tuberculosis,  (3)  surgical  shock,  and  (4) 
chronic  wasting  diseases  of  various  sorts. 

In  acute  infections,  the  toxins  may  injure  or  paralyze  the  vasomotor  center, 
so  tliat  the  peripheral  arterioles  dilate  markedly.  Thus  in  typhoid  fever,  the 
maximal  blood  pressure  may  fall  below  70,  though  in  most  eases  it  ranges  between 
110  and  00  (minimal  between  85  and  60).  In  acute  peritonitis  similar  low 
pressures  are  met  with.  Indeed,  in  most  acute  infections  there  is  hypotension  at 
the  height  of  the  fever.  In  lobar  pneumonia,  the  course  may  be  run  with  normal 
blood  pressures,  but  not  infrequently  collapse  is  associated  with  marked  hypo- 
tension from  vasomotor  paralysis.  In  meningitis,  there  is  often  high  blood  pres- 
sure, owing  to  the  increased  intracranial  tension. 

In  pnlmonary  tnbercnlosis,  the  maximal  b!ood  pressure  is  usually  abnormally 
low,  say  from  20  to  40  mm.  lower  than  in  healthy  people  of  the  same  age.    Hypo- 
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tension  is  not  constantly  present,  however,  and  the  pressure  may  vary  considerably 
at  different  times  in  the  same  individual.  According  to  Haven  Emerson,  the  causes 
are  (1)  a  toxic  action  on  the  vasomotor  center  and  (2)  a  progressive  atrophy  of 
the  cardiac  muscle. 

It  should  be  remembered  that  pleural  effusion  tends  to  increase  blood  pressure, 
and  the  blood  pressure  falls  when  the  fluid  is  drawn  off.  The  fall  amounts  ordi- 
narily to  20  mm.  of  Hg  (Capps). 

In  surgical  shock,  there  is  a  fall  of  blood  pressure.  Some  believe  this  to  be 
due  to  exhaustion  of  the  vasomotor  center  or  of  the  brain  cells,  the  result  of 
violent  sensory  stimuli  or  ''noci''  impulses  (G.  W.  Crile) ;  others  maintain  that 
shock  is  the  result  of  lack  of  fluid  in  the  circulation,  the  total  volume  of  blood 
being  decreased  through  transudation  of  fluid  into  the  tissues,  this  in  turn  depend- 
ing upon  diminished  hemic  osmotic  tension  due  to  loss  of  CO,  from  the  blood  or 
acapnia  (Yandell  Henderson).  Whatever  the  explanation  of  the  fall  of  blood 
pressure,  certain  it  is  that  observation  of  this  fall,  associated  with  increase  of  the 
heart  rate,  is  the  best  method  of  recognizing  beginning  shock  during  or  after 
operations.  The  prevention  of  acapnia  during  anesthesia  is  favored  by  regulating 
the  amount  of  CO,  inspired  (Gatch). 

In  the  cachexias,  in  which  there  is  anemia  and  brown  atrophy  of  the  heart, 
tachycardia  and  arterial  h3rpotension  are  nearly  always  observable. 
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7.    The  Absolute  Sphy^mo^ram  (SaUi) 

The  ordinary  sphygmogram  of  an  artery  (or  arteriogram),  which  is  a 
blood  pressure  curve  in  which  the  heights  of  the  ordinates  are  indefinite, 
can  be  transformed  into  an  absolute  sphygmogram  by  introducing  the  pulse 
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curve  into  a  system  of  ordinates  in  which  the  minimal  hlood  pressnre  ia 
used  as  the  baae,  or  lowest  point,  of  the  pulse  curve,  and  the  maximal  blood 
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OD  Upper  Arm;  Sphnmograpb  on  WrlBt.  (a-b)  Agcendlog  Portion;  (b)  Top  o(  the  First 
S^Btollc  W»Te;  (c)  Eod  of  Second  SrstoUc  Wave;  (c-d)  Post  B/atolIc  Fall;  (dj  Bfgtn- 
nlng  of  the  DIerotle  Wave;  (e)  Top  of  Dicrotic  Wave :  (d-f)  Diastolic  Portloo  of  tht 
Cnrre.  (After  Selfert  and  MUIler,  "TaacbenbDch  d.  Hedtelli— EUn.  DtasnoBtlk,"  pvb- 
Uihed  by  J.  F.  Bergmanu,   Wleebaden.) 


Fig.  22R. — Absolute  SphrgmoKrama  and  Pulse  TraclngB  from  Two  Persons.  One  with 
Normal  Blood  Preasure,  One  with  Kcpbrupathlc  lI;perteDsloD.  (After  OallaTBrdln,  fnm 
O.  W.  Norria'  "Blood  Pressure :  Its  Clinical  Applications,"  publlehed  br  Lea  &  Feblftt, 
Philadelphia.) 
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pressure  ae  its  highest  point ;  in  sucli  ft  curve,  the  ordinates  now  represent 
the  pressures  in  millimeters  of  Hg  and  the  abseiasae  the  time  in  fractions 
of  a  second,  the  whole  curve  corresponding  to  the  course  of  the  pressure  in 
the  artery  (Sahli).  No  attention  need  be  paid  to  the  secondary  elevations 
of  the  arteriogram,  since  it  is  only  the  rapidity  of  the  ascent  and  descent 
of  the  pulse  waves  that  need  be  here  regarded. 

In  the  absolute  sphygmogram,  the  pulse  pressure  can  be  read  off  di- 
rectly, since  it  is  the  difference  between  the  maximal  and  the  minimal 
blood  pressures.  Our  best  measure  of  the  tension  of  the  pulse  is  the  mini- 
mal blood  pressure. 

Reference 

tgrnogramm  und 
iachen  Bemerkungen  tiber  einioe  nevtre  tm/omomanometrUa 
DeuUehta  Arch.  f.  klin.  Med.,  Leiptig,  1994,  Izxxi,  403-542. 


8.    Determination  of  Venous  Blood  Pressure 

Many  methods  have  been  devised  for  determining  the  blood  pressure 
in  the  veins.    Only  three  of  these  will  bo  described. 

(a)    Method  of  Hooker  and  Ey»ter  {19^    , 

Applying  a  principle  utilized  by  v.  Basch  and, 
later,  by  v.  Rceklinghauaen,  Hooker  and  Eyster  ^ 

place  a  pressure-chamber  over  a  vein  on  the  front 
of  the  wrist  and  blow  in  air  until  the  vein  "col- 
lapses," reading  off  the  pressure  at  that  moment 
on  a  water-manometer  (see  Fig.  237). 

(6)    Method  of  Moritz  and  r.  Tabora  {ISOS-IO) 

A  hollow  needle,  connected  with  a  buret  of 
normal  salt-solution  is  introduced  into  the  vein 
at  the  bend  of  the  elbow  (asepsis!),  the  patient 
recumbent  The  fluid  is  allowed  to  run  in,  its 
level   in  the   buret   gradually   falling  until  flow 

ceases.     The  level  of  the  saline  above  the  level  of  ^^^     237._ApparaiuB    of 
the  heart  (say  a  point  on  the  fourth  rib,  5  cm.  be-         Hooker  and  Ejeter  tor 
low  the  level  of  the  surface  of  the  cheet)  is  then         S^;rFr"«ure''"{j.^H! 
read  off;  the  result  is  the  venous  pressure  at  the         h.  BuIi.) 
heart  in  em.  of  normal  saline.    The  calculation  in  centimeters  of  HjO  may 
easily  be  made,  since  10  cm.  normal  saline  equals  10.07  cm.  H2O.     The 
method  is  believed  to  be  accurate. 
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(c)    Method  of  A.  A.  HoweU  (1912) 

Two  cuffs  are  used,  each  being  attached  to  a  water  manometer.  One  is 
applied  to  the  upper  arm,  the  other  to  the  forearm.  The  latter  is  inflated 
so  as  to  fit  snugly  but  without  exerting  over  3  cm.  (H2O)  pressure.  The 
cuff  on  the  upper  arm  is  then  cautiously  inflated  until  the  water  in  the 
forearm  manometer  begins  to  rise.  The  pressure  in  the  upper-arm  cuff  is 
equal  to  the  venous  pressure. 

In  a  similar  instrument,  devised  by  Frank  and  Reh  (1912),  the  read- 
ings may  be  graphically  registered. 

9.    The  Normal  Blood  Pressure  in  the  Veins 

At  the  level  of  the  heart,  the  venous  pressure  varies  normally  between 
1  and  13  cm.  of  IIoO^O.T-O.S  mm.  Hg. 

The  figures  in  the  bibliography  vary  a  good  deal,  as  will  be  seen  from  the  fol- 
lowing table: 

Normal  Venous  Pressure  at  Level  of  Heart 


Obeerver 

Cm.  H,0 

Mm.  Hg 

Hooker  and  Evflt^er 

3-10  cm. 
Average  8  cm. 

2.2-7.3  mm. 

Average  5.9  mm. 

Moritz  and  Tahora 

1.1-8.7  cm. 
Average  5.2  cm. 

0.8-6.4  mm. 

Average  3.8  mm. 

Howell 

4-13  cm. 
Average  7.6  cm. 

2.9-9.5  mm. 

Average  5.6  mm. 

Physiological  Variations  of  Venous  Pressure. — The  most  important  factor 
influencing  venous  pressure  is  the  position  of  a  part  with  relation  to  the  heart. 
The  pressure  in  the  veins  in  parts  in  various  positions  has  been  carefuUy  studied 
and  recorded  by  v.  Recklinghausen.  The  venous  pressure  rises  slightly  on  exercise, 
and  on  sudden  changes  in  temperature.  The  venous  pressure  is -but  httle  affected 
by  changes  in  arterial  blood  pressure.  The  changes  in  venous  pressure  during  the 
phases  of  respiration  have  been  examined  by  Burton-Opitz,  who  finds  that,  during 
expiration,  the  pressure  in  the  jugular  vein  rises;  it  begins  to  fall  in  the  pause 
following  expiration  and  continues  to  fall  in  the  early  part  of  inspiration. 


10.    The  Venous  Blood  Pressure  in  Pathological 

States 

As  tbe  myocardium  begins  to  fail,  blood  begins  to  accumulate  in  the 
systemic  circulation  and  the  venous  blood  pressure  is  an  index  of  this.  A 
high  venous  pressure  is  associated  with  a  dilatation  of  the  heart,  while  a 
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low  venous  pressure  is  associated  with  insufficient  filling  of  the  heart  and, 
accordingly,  a  decrease  in  the  size  of  the  heart 

In  cardiac  decompensation,  the  venous  blood  pressure  may  be  as  high 
as  25  cm.  HgO  in  the  veins  of  the  arm  at  the  level  of  the  heart  (A.  A. 
Howell).  After  intravenous  injections,  the  venous  pressure  rises  more 
proportionately  than  does  the  arterial  pressure  (Bayliss  and  Starling). 

A  very  low  venous  pressure  may  be  found  in  neurasthenia  and  in  post- 
operative asthenia.  Cody,  working  with  Hirschfelder  in  my  wards,  meas- 
ured venous  pressures  in  such  states  as  low  as  -2  to  -7  cm.  H2O,  though 
the  arterial  pressures  were  not  markedly  altered,  varying  as  they  did  be- 
tween 104  and  125  mm.  Hg. 
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H.    Determination  of  tlie  Functional  Capac- 
ity of  tlie  Heart 

Laudable  efforts  have  been  made  to  test  the  functional  power  of  the 
heart  or  to  estimate  the  work  done  by  the  heart,  clinically,  but  the  results 
have  been  notoriously  unsatisfactory.  The  methods  in  use  try  to  establish 
the  absolute  power  of  the  heart.  To  calculate  the  work  of  the  left  ventricle, 
we  should  have  to  know  (1)  the  systolic  output  and  (2)  the  mean  pres- 
sure in  the  aorta.  But,  clinically,  these  factors  cannot  be  determined 
accurately,  and,  moreover,  as  Kiilbs  emphasizes,  if  it  were  possible  in 
some  way  or  another  to  measure  the  power  of  the  heart  at  a  given  moment, 
the  result  obtained,  to  be  of  any  use,  would  have  to  be  related  to  many  other 
coexistent  factors.  For  the  absolute  power  of  the  heart  is  less  important 
than  the  response  of  the  heart  to  different  somatic  and  psychic  needs  and 
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this  response  is  not  only  different  for  different  persons  but  varies  extra- 
ordinarily in  the  same  person  from  day  to  day  and  from  hour  to  hour. 
The  multiple  factors  concerned  in  this  variation  are  still  inaccessible  to  us 
clinically ;  probably  they  are  largely  neural.  It  is  well  for  the  student  to 
be  familiar,  however,  with  the  attempts  now  being  made  to  measure  the 
functional  capacity  of  the  heart,  for  out  of  them,  sooner  or  later,  some- 
thing of  distinctly  practical  value  may  emerge. 
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As  has  long  been  known,  the  pulse  rate  increases  when  work  is  done  by  the 
muscles.  The  accompanying  blood  pressure  changes  during  work  have  recently 
been  systematically  studied. 

Oraupner's  Test  for  Functional  Capacity. — This  author  made  certain  muscle 
groups  perform  a  definite  amount  of  work  and  studied  the  blood  pressure  while 
the  work  was  being  done.  He  believed  he  could  draw  conclusions  regarding  the 
power  of  the  heart  and  the  peripheral  resistance. 

The  work  consisted  in  the  turning  of  a  wheel  provided  with  a  brake,  and  per- 
mitting of  a  measurement  of  the  work  done.  He  concluded  that  (1)  if  the  blood 
pressure  remained  constant,  the  heart  was  sufficient  for  the  work;  (2)  if  the 
blood  pressure  fell,  the  heart  was  insufficient  for  the  work;  (3)  if  the  blood 
pressure  rose  at  first,  and  then  returned  to  normal,  the  heart  possessed  ''com- 
pensatory capacity";  and  (4)  if  the  blood  pressure  rose,  fell  rapidly,  and  did  not 
again  tend  to  rise,  the  heart  was  fatigued. 

Graupner's  method  has  been  controlled  by  F.  Klemperer  and  by  A.  Hoffmann 
and  found  unreUable. 
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Strasbnrger's  Method  of  E8timatiI^:  Fonctional  Capacity.— When  the  work 
of  the  heart  increases  there  is  an  increase  not  only  of  the  maximal  pressure  in  the 
arterial  system  but  also  of  the  pulse  pressure  and  of  what  Strasburger  calls  the 
pulse  pressure  quotient  (pulse  pressure  divided  by  mean  pressure) y  commensurate 
with  the  increased  systolic  output;  when  the  work  of  the  heart  is  lessened,  all  these 
factors  are  smaller.  In  hypertony  of  the  peripheral  arteries  the  maximal  pressure 
rises,  but  the  pulse  pressure  (and  pulse-pressure  quotient)  falls.  In  dilatation  of 
the  peripheral  vessels  the  pulse  pressure  rises  but  the  maximal  pressure  falls. 
Thus,  when  maximal  pressure  and  pulse-pressure  quotient  are  altered  in  the  same 
direction  it  is  the  central  component  ot,  the  blood  pressure  (systolic  output)  that 
is  the  important  factor;  when  maximal  pressure  and  pulse-pressure  quotient  alter 
in  an  opposite  direction,  it  is  the  peripheral  component  of  the  blood  pressure 
(periphend  resistance)  that  is  responsible.  Strasburger  goes  further  and  tries 
.to  estimate  the  amojunt  of  the  work  done  by  the  heart  from  the  number  of  beats, 
the  pulse  pressure  and  the  mean  pressure.  He  regards  the  quotient,  pulse  pres- 
sure divided  by  maximal  (systolic)  pressure,  as  a  fair  measure  of  the  size  of  the 
systolic  output  on  the  ground  that  the  relation  of  the  pulse  pressure  to  the  blood 
pressure  must  show  itself.  If  the  pulse  pressure  were  to  rise  until  it  equalled  the 
maximal  pressure,  then  this  quotient  would  become  1  and  the  diastolic  pressure 
would  equal  0.  These  would  be,  hypothetically,  the  best  conditions  for  the  out- 
flow of  blood  in  the  artery,  the  vascular  resistance  being  very  small.  In  the  oppo- 
site case,  where  the  above-mentioned  quotient  is  smaller,  the  outflow  of  blood 
would  be  more  difficult,  owing  to  greater  resistance  in  the  periphery. 

According  to  Strasburger,  the  following  conclusions  may,  accordingly,  be  drawn : 

1.  When  the  systolic  pressure  is  altered,  the  blood-pressure  quotient  remaining 
unchanged,  the  cause  is  a  change  in  the  work  of  the  heart ;  a  rise  indicates  increased 
heart  work;  a  fall  indicates  diminished  work. 

2.  Change  in  the  systolic  pressure  and  in  the  quotient  about  equally  marked, 
but  in  opposite  directions,  indicates  change  in  the  vascular  tonicity;  rise  of  systolic 
pressure  and  fall  of  quotient  indicate  increased  vascular  tonus;  the  reverse, 
depressed  tonus. 

3.  When  the  systolic  pressure  and  the  quotient  move  in  the  same  or  in  oppo- 
site direction  but  in  unequal  degree,  there  is  an  alteration  both  of  the  vascular 
tonus  and  of  the  work  of  the  heart. 

Strasburger's  method  is  unreliable  since  (1)  it  ignores  the  enormous  importance 
of  nervous  influences,  and  (2)  it  tries  to  draw  '^dynamic"  conclusions  from 
"static"  data. 


Reference 

Strasburger  (/.)•     Ueber  den  Einfltiss  der  Aortenelaatizitat  avf  das  VerhSltnis  zwiSchen 

Ptdsdruck  und  Schlagvolumen  dea  Herzens,    Deutsche  med.  Wchnschr.^ 
Leipzig  u.  Berlin,  1907 ^  xxxiii,  10S3-1OS6. 
Also:  DeiUsches  Arch.  /.  klin.  Aied.,  Leipzig,  1907,  xciy  S78~4i67. 

Eiianger^s  and  Hooker's  Method  for  Estimatii^  Heart  Work. — These  investi- 
gators, working  in  Howell's  laboratory  in  Baltimore,  draw  conclusions  regarding 
changes  in  the  work  of  the  heart  and  of  the  peripheral  resistance  from  clinical 
determinations  of  (1)  the  maximal  blood  pressure  and  (2)  the  product  of  pulse 
pressure  multiplied  by  pulse  rate. 
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TABLF 


Changes 


Maximal  Blood 
Pressure 


Unchanged 
Rise 

FaU 
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X 
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Work  of  Heart 
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Increased 
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Resistance 


{ 
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This  method  is  subject  to  the  same  criticism  as  has  been  made  of  Strasbuiger's 
method. 
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Katzenstein's  Method  of  Estimating  the  Functional  Capacity  of  the  Heart 
from  the  Behavior  of  the  Blood  Fressnre  on  Excltision  of  Certain  Arterial 

Domains. — The  patient  is  placed  in  the  recumbent  posture,  and  the  iliac  arteries 
are  compressed  for  a  period  of  2V^-5  minutes,  care  being  taken  to  avoid  mental 
excitement  and  pain.  The  work  of  the  heart  is  increased  by  this  narrowing  of 
the  arterial  bed.    Katzenstein  found  that: 

(1)  If  the  heart  be  normal  and  sufficient,  there  is  an  increase  of  5-15  mm.  Hg 
in  the  blood  pressure,  the  pulse  rate  remaining  unchanged  or  being  slowed; 

(2)  If  the  heart  be  hypertrophied  and  sufficient,  the  blood  pressure  rises  15  to 
40  mm.  Hg,  the  pulse  rate  remaining  stationary  or  becoming  slowed ; 

(3)  If  the  heart  be  slightly  insufficient,  the  blood  pressure  remains  unchanged, 
the  pulse  rate  unchanged  or  plus;  and 
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(4)  If  the  heart  be  markedly  insufficient,  the  blood  pressure  falls  and  the 
pulse  rate  is  accelerated. 

Here,  again,  it  is  almost  impossible  to  exclude  the  psychic  factors  that  influ- 
ence the  heart  and  the  arteries;  and  the  results  obtainable  are  of  doubtful  clinical 
value. 
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Sahli's  Sphygmobolometry. — Sahli  attempts  to  get  at  the  functional  power  of 
the  heart  indirectly  by  estimating  the  energy  of  the  single  pulse  waves.  For 
this  purpose,  he  has  devised  a  special  instrument,  the  sphygmobolometer.  This 
instrument  is  not  difficult  to  use,  and  the  necessary  observations  can  be  made  in 
a  few  minutes. 

The  normal  amount  of  energy  of  the  brachial  pulse  wave  is  usually  between 
40  and  60  g/cm.  In  patholog^ical  states,  these  values  may  be  doubled.  For  the 
technic,  Sahli's  descriptions  should  be  consulted. 
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Christen's  EneiifOiiietry. — The  energometer  of  Christen  consists  of  a  cuff, 
which  is  ai)plied  to  the  calf  of  the  leg  or  the  upper  arm,  a  special  manometer,  a 
pump,  and  a  syringe  with  piston — all  connected  with  one  another.  By  means  of 
the  pump,  a  definite  pressure  is  produced  within  the  cuflE,  after  which  the  pump 
is  clamped  off  and  the  excursions  of  the  tonometer  needle  noted.  Enough  air  is 
now  injected  into  the  cuff  with  the  syringe  to  displace  the  oscillations  of  the 
tonometer  needle  by  about  their  own  amplitude,  that  is,  so  that  the  needle  at  every 
pulse  beat  oscillates  between  two  limits,  of  which  the  lower  had  been  (before  the 
air  was  injected)  the  higher  limit  of  the  oscillation.  The  volume  of  air  used  for 
this  purpose  is  read  off  on  the  scale  of  the  syringe;  it  is  equal  to  the  sjrstolie 
increase  of  volume  of  the  arteries  under  the  inflated  cuff.  By  multiplying  this 
volume  by  the  mean  pressure  within  the  cuff,  one  obtains  the  "work"  in  gram- 
centimeters  performed  by  the  pulse  wave.  Such  a  measurement  can  be  made  for 
a  series  of  different  pressures  within  the  cuff;  in  each  instance,  the  energy  (E)  is 
equal  to  the  pressure  (P)  multiplied  by  the  volume  (V) ;  that  is,  E  =  PV. 

By  plotting  these  pressures  and  their  corresponding  volumes  in  one  curve,  and 
the  pressures  and  their  corresi)onding  energies  in  another  curve,  we  get  two  curves 
known  as  "dynamic  diagrams,"  which  represent  the  volumes  and  the  energies  as 
functions  of  the  pressure.  In  drawing  the  curves,  the  pressures  are  plotted  as 
abscissae,  and  the  volumes  and  energies  as  ordinates. 

The  dynamic  curves  may  be  characteristic  in  certain  pathological  states,  espe- 
cially in  aortic  insufficiency,  in  arteriosclerosis,  and  in  cachectic  states. 
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The  method  of  SahU  and  that  of  Christ<»n  are  of  considerable  promise 
for  research  work.  It  is  too  early,  as  yet,  however,  to  say  how  valuable 
they  will  prove  to  be  in  practical  clinical  work. 

Attempts  such  as  the  above  to  determine  changes  in  the  work  of  the 
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heart  and  the  peripheral  resistance  are  laudable;  but  we  deal  here  with 
such  complicated  relations  that  too  much  stress  should  not  be  laid,  as  yet, 
upon  the  results  that  they  yield.  The  time  may  come  when  we  shall  be 
able  to  attain  more  nearly  than  we  can  at  present  to  the  ideal  toward  which 
this  work  tends.  In  atherosclerosis  and  in  valvular  diseases  of  the  heart, 
especially,  efforts  at  determination  of  the  work  of  the  heart  based  upon 
blood-pressure  measurements  are  liable  to  error. 


Section  II 

DIAGNOSIS  OF  THE  SPECIAL  DISEASES  OF  THE  HEART 

AND  BLOOD  VESSELS 

The  circulatory  system,  like  the  other  systems  of  the  body,  is  suscep- 
tible to  a  variety  of  diseases.    Those  involving  the  heart  include: 

(1)  Disturbances  of  development  (congenital  heart  disease). 

(2)  Eetrogressive  disturbances  of  nutrition  (atrophies  and  degeneror 
tions). 

(3)  Circulatory  disturbances  (infarctions,  thromboses,  diseases  of  the 
coronary  arteries,  aneurism  of  the  heart). 

(4)  Inflammations  of  the  heart  as  a  whole  (carditis)  y  of  the  lining 
membrane  of  the  heart  (endocardiiis) y  of  the  heart  muscle  (myocarditis) 
or  of  the  pericardium  (pericarditis).  These  inflammations  give  rise  to 
acute  inflamm^atory  cardiopathies  and,  later  on,  to  chronic  inflammatory 
cardiopathies. 

(5)  Reparative  and  adaptive  processes  in  the  heart  (hypertrophy, 
dilatation). 

(6)  Alterations  in  the  position  and  shape  of  the  heart. 

(7)  Foreign  bodies  and  parasites  in  the  heart 

(8)  Tumors  of  the  heart. 

Only  the  more  important  of  these  can  be  considered  here.  For  the 
others,  special  monographs  should  be  consul ted.- 

Before  proceeding  to  the  more  systematic  study  of  the  diseases  of  the 
heart,  certain  gross  disturbances  of  cardiovascular  function  must  be  dis- 
cussed, namely,  (1)  Certain  Clinical  Disorders  of  the  Heart  Beat  and  (2) 
Acute  and  Chronic  Circulatory  Insufficiency. 


A.    Clinical  Disorders  of  the  Heart  Beat 

1.    Introduction 

m    m 

Among  the  commonest  of  clinical  phenomena  met  with  by  practitioners 

are  derangements  of  the  rate,  sequence,  and  force  of  the  pulse  and  of  the 

heart  beat.     They  include  the  tachycardias,  the  bradycardias,  the  cardiac 

arhythmias,  and  the  alternating  heart.    The  analysb  of  these  disturbances 
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has  made  great  progress  since  1870.  We  owe  the  progress  partly  to  ad- 
vances in  experimental  physiology,  partly  to  careful  clinical  studies,  espe- 
cially those  involving  the  use  of  graphic  methods  (sphygmography,  electro- 
cardiography). 

The  functions  of  the  cardiac  musculature  include  (1)  the  power  of  ini- 
tiating primary  stimuli  at  regular  intervals  (automatic  rhythmicity),  (2) 
the  power  of  responding  to  stimuli  (excitability),  (3)  the  power  of  con- 
ducting stimuli  (conduction  capacity),  (4)  the  power  of  pontractility. 
Influences,  neural  or  other,  that  affect  these  several  functions,  have  been 
given  special  names.  Thus,  influences  affecting  the  automatic  rhythmicity 
are  known  as  chronotropio;  those  affecting  the  excitability,  as  bathmo- 
tropic;  those  affecting  the  conductivity,  as  dromotropic;  and,  finally, 
those  affecting  the  contractility,  as  inotropic. 

Methods  of  graphic  registration  are  of  great  importance  in  the  un- 
ravelling of  the  mysteries  of  cardiac  irregularities.  They  further  afford 
us  a  means  of  checking,  and  consequently  of  improving,  our  ordinary 
methods  of  physical  diagnosis  in  these  types  of  cases.  Working  with  Drs. 
Hirschfelder,  Bond,  and  Bridgman,  I  have  had  manifold  opportunity 
during  the  past  ten  years  to  convince  myself  of  the  great  clinical  value  of 
these  methods.  Arteriograms  and  phlebograms  should  always  be  taken 
simultaneously  for  comparative  study,  in  analyzing  any  form  of  irregu- 
larity, though,  when  electrocardiograms  are  available,  the  sphygmographic 
tracings  may  usually  be  dispensed  with.  Most  of  the  beautiful  electro- 
cardiograms that  illustrate  this  section  of  the  book  were  taken  by  Dr. 
George  S.  Bond  in  the  Heart  Station  at  the  Johns  Hopkins  Hospital ;  a 
few  of  them  were  taken  by  Dr.  Bridgman. 

For  analysis  of  the  curves  obtained,  the  various  forms  of  cardiac 
arhythmia  may  be  grouped  under  different  headings,  depending  upon  the 
causal  factors  that  produce  each  one. 


2.    Classification  of  the  Cardiac  Arhythmias 

The  following  classification  serves  as  a  good  working  basis : 


I.  Sinus  irregnlarities. 

(a)  Phasic  variations  in  rate. 

1.  Associated  with  respiration. 

2.  Not  associated  with  respiration. 

(b)  Dropped  beats. 

n.  Abnormal  impulses  arising  in  fhe  heart. 

(a)    Extrasystoles. 
1.    Ventricular. 
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2.  Atrial  (or  auricular). 

3.  Nodal. 

(b)  The  paroxysmal  tachycardias. 

(c)  Atrial  (or  auricular)  fibrillation. 

(d)  Atrial  (or  auricular)  flutter. 

m.  Changes  in  contractile  force. 

(a)    Pulsus  alternans. 

IV.  Disturbances  in  the  conduction  system  in  the  heart  (heart  block). 

(a)  Disturbances  of  the  atrioventricular  conduction-path. 

1.  Slowed  conduction. 

2.  Partial  block. 

« 

3.  Complete  block. 

(b)  Disturbances  of  the  intraventricular  conduction-path. 
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Z.    Common  Examples  of  Cardiac  Arhythmia 

A  rough  idea  of  the  majority  of  these  disturbances  can  be  quickly 
arrived  at  by  any  general  practitioner  who  will  appeal  to  his  personal 
experience  in  palpating  the  pulse  of  patients.  Thus,  (1)  he  will  recall  that 
on  feeling  the  pulse  of  young  persons,  he  has  often  noticed  a  difference  in 
the  pulse  rate  in  the  two  phases  of  respiration;  this  is  an  example  of  a 
sinus  arhythmia.  He  will  remember  (2)  instances  in  which  the  pulse 
occasionally  intermits,  and  on  listening  over  the  heart  he  will  have  noticed 
that  such  an  intermittence  is  associated  with  a  cardiac  contraction  occur- 
ring before  a  regular  beat  is  due  and  that  this  early  contraction  is  followed 
by  a  pause  longer  than  the  ordinary  pause  between  two  beats ;  this  is  an 
example  of  a  premature  heat,  or  so-called  extrasystolic  irregularity. 

Again,  he  may  recall  (3)  instances  in  which  the  pulse  of  a  patient  has 
suddenly  doubled  its  rate;  the  rapid  pulsation  has  continued  for  a  time, 
and  has  then  abruptly  ceased.  The  patient  complains  that  such  attacks  of 
rapid  heart  recur  from  time  to  time;  this  is  an  example  of  paroxysmal 
tachycardia. 

Occasionally,  he  may  encounter  (4)  an  elderly  person  in  whom  the 
pulse  rate  is  continuously  accelerated  (120-160  per  minute)  though  there 
is  no  exophthalmic  goiter,  and  the  pulse  is  not  irregular;  such  a  tachy- 
cardia is  usually  due  to  atrial  (or  auricular)  flutter. 

More  often,  he  will  have  noticed  (5)  in  patients  who  have  long  suf- 
fered from  disease  of  the  mitral  valve,  the  onset  of  a  "perpetually  irregular 
pulse,"  an  "utterly  disordered  heart  action,"  in  which  the  pulse  rate  is 
accelerated,  but  there  is  no  regularity  of  sequence  of  the  beats  whatever, 
and  the  patient  shows  signs  of  cardiac  decompensation ;  this  clinical  pic- 
ture is  characteristic  of  atrial  (or  auricular)  fibrillation. 

In  some  patients,  especially  in  those  with  high  blood  pressure,  he  may 
have  noticed  (6)  that  the  pulse  beats  at  the  wrist,  though  rhythmical,  vary 
in  force,  the  beats  being  alternately  strong  and  weak;  'this  is  an  example 
of  pulsus  altemans. 

Finally,  he  may  have  seen  (7)  one  or  more  patients  in  whom  the  pulse 
at  the  wrist  is  regular  but  only  30  or  35  per  minute,  though  on  looking  at 
the  jugular  vein  in  the  neck,  three  or  four  small  regular  pulsations  are  seen 
to  occur  between  two  carotid  pulses*;  this  is  an  example  of  complete  heart- 
block. 

Such  typical  disturbances  are  recognizable  without  the  use  of  graphic 
methods,  but,  in  clinical  work,  we  often  have  to  unravel  phenomena  that 
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are  far  less  differentiable,  and  then  we  must  resort  to  sphygmography, 
to  electrocardiography,  or  to  both,  to  arrive  at  a  satisfactory  diagnosis. 
The  simple  examples  given  above  may  serve  as  paradigms  for  the  classes 
of  disturbances  now  to  be  considered. 


Fig.  238. — Pblebogram  and  Arteriogram  In  the 
Youthful  Type  of  Irregularity.  (After  J. 
Mackenzie,  J.  H.  H.  Bull.) 


4.    Sinus  Irregularities 

(a)    Phasic  Vfwiations  in  Rate 

The  small  portion  of  tissue  at  the  junction  of  the  superior  vena  cava 
with  the  right  atrium  (the  so-called  "sinus  region")  is  the  point  at  which 
the  cardiac  rhythm  normally  originates,  and  this  sino-auricular  node 
(Keith  and  Flack)  has  been  termed  "the  pacemaker  of  the  heart"  (T. 
Lewis.)  The  rapidity  at  which 
the  stimulus  to  cardiac  contrac- 
tion is  initiated  at  this  point  is 
subject  to  the  controlling  influ- 
ence of  the  vagus  and  the  sym- 
pathetic nerves.  In  normal 
adults,  the  balance  between  the 
inhibiting  or  slowing  influence  of  the  vagi  and  the  accelerating  influence 
of  the  sympathetic  is  well  preserved,  and  the  heart  rate  remains  constantly 
about  72  when  a  person  is  at  rest.  In  children,  however,  or  in  adults  whoso 
nervous  systems  are  unstable  from  any  cause  (infections,  toxemias,  etc.), 
the  heart  rate  will  fluctuate  with  every  change  of  vagal  tone.  This  is  mostj 
often  associated  with  the  phases  of  respiration,  but,  occasionally,  the 
change  in  rate  may  have  no  relation  to  respiration  as  in  the  youthful  irreg- 
ularity (Mackenzde). 

The  arteriograms,  phlebograms  and  electrocardiograms  in  this  form  of 
irregularity  all  present  characteristic  features.  (Fig.  238).  This  form 
of  arhythmia  is  easily  recog- 
nized by  the  periodic  variation 
in  the  rate  of  the  heart  when  a 
rather  long  stretch  of  a  sphyg- 
mographic  or  an  electrocardio- 
graphic curve  is  examined. 
There  is  first  a  series  of  beats 
in  which  diastole  becomes  long- 
er and  longer,  and  this  is  fol- 
lowed by  a  series  of  quickened 
beats  with  shortened  diastole. 
When  the  arhythmia  is  associ- 
ated with  the  phases  of  respiration  (pulsus  irregularis  respiratorius)  the 
longer  intervals  between  beats  usually  occur  during  expiration  and  the 
shorter  ones  during  inspiration.    Most  irregularities  of  the  heart  in  chil- 
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Fig.  239. — Phlobogram  and  Arteriogram  in  Pulsus 
irregularis  respiratorius.  (After  A.  W.  Hew- 
lett, J.   H.  II.  Bull.) 


828    DISEASES   OF  THE   OIRCULATOEY  APPAEATUS 

dren  before  puberty  are  sinus  arhythmias.  These  arhytbraias  disappear  if 
tbe  beart  rate  be  accelerated  by  exercise,  by  fever,  or  by  the  administration 
of  drugs,  like  atropine,  that  paralyze  tbe  vagus. 


Fig.  240. — F.lcctrocardlograni  In  Sinua  ArhjthmlB.  Benplratory  Form.  Note  the  Uarknl 
Varlitlon  In  Bate  witb  tbe  rhases  of  Respiration.  Tbvre  li  no  Cbangc  In  the  Form  ot 
CDDtrirllOD  of  tbe  Mean,  aa  Ih  Shown  b;  tbe  Normal  Tfpc  of  nicetrocardlosrapblc  Cum. 

(6)    Dropped  Beats 

This  18  another  form  of  sinus  arbythmia,  occasionally  met  with.  It 
may  also  be  due  to  vagns  inhibition,  or  it  may  result  from  an  actual  change 
in  the  sinus  region  itself.     It  is  characterized  by  a  complete  absence  of 


Fig.  241.— Elect rocardloeram  of  Dropped  Rpa1«.  .  Aa  Shown  In  this  ElectrooirdlogrtiD.  * 
Complple  Cardiac  Contraction  U  MleBlng  In  a  Rhythm,  Otherwise  Normal.  Thli  DUf 
be  Due  to  a  B1  no-auricular  Block,  or  to  Lack  of  Bllmulatlon  In  the  Blnua  Itaelf. 

contraction  of  the  whole  heart  (standstill)  for  a  period  lasting  through  one 
or  more  cardiac  revolutions.  All  forma  of  graphic  registration  point  oat 
that  the  entire  heart  is  quiescent  during  this  pause  (Fig.  241). 


EiperiTnenlt  dealing  teilh  the  relation  of  the  ainiu  node  to  them 
lalion  of  the  vagua  ncniet.  Proc.  Soc.  Exper.  Biol.  &  Med 
1913-14.  xi,  108. 


Vaquex  (B,),  Arhythmie  reapiToloire  el  ge 
hop.  (fc  Parig.  1909.  3.  s., 

WUaon  (F.  N.).  Three  cases  showing  chani 
doled  teilh  re»piration.    A 
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5.    Arhythmias  Dependent  upon  Abnormal  Premature 

Impulses  Arising  in  the  Heart 

(a)    Extraaystolic  Arhythmias 

Normally  when  an  Impulse  originates  in  the  "pacemaker/^  it  passes, 
thence,  in  regular  sequence,  through  the  other  cardiac  chambers.  This 
regular  order  is  due  to  the  fact  that  each  succeeding  portion  of  the  heart 
muscle  traversed  by  the  impulse  has  an  independent  rhythmicity,  which  is 
slower  than  that  of  the  preceding  one,  and,  consequently,  it  receives  a 
stimulus  conducted  from  above  and  responds  to  it  before  it  can  initiate  its 
own  automatic  impulse  and  contraction.  However,  when  the  irritability 
of  any  part  of  the  heart  is  increased,  it  may  release  a  spontaneous  contrac- 
tion, itself,  before  it  receives  a  regular  stimulus  from  the  superior  part. 
This  phenomenon  has  been  termed  "heterogenetie  beat,"  a  "premature 
contraction,"  or  "an  extrasystole."  Such  new  and  isolated  impulses  may 
originate  in  any  portion  of  the  cardiac  musculature — in  the  atria,  in  the 
ventricles,  or  in  any  part  of  the  conducting  system  between  the  atria  and 
the  ventricles.  They  are  classified,  according  to  their  point  of  origin,  as 
(1)  atrial,  (2)  ventricular,  and  (3)  nodal  extrasystoles.  Such  extrasys- 
tolic  contractions  of  the  heart,  occurring  before  the  regular,  normal  time, 
disturb  markedly  the  normal  order  of  the  mechanism  of  the  heart. 


L  Ventricular  Extrasystoles 

The  term  "ventric- 
ular extrasystole"  is 
applied  to  a  premature 
beat  when  it .  arises  in 
the  wall  of  one  of  the 
ventricles.  The  con- 
nection, however,  be- 
tween the  two  ventri- 
cles is  so  intimate  that, 
regardless  of  where  this 
abnormal  stimulus  may 
originate,  both  ventri- 
cles take  part  in  the 
premature  contraction. 
Usually,  the  regular 
rateof  the  atrial  rhythm 
is  not  disturbed  by  the 

ventricular  action,  and  atrial  systole  occurs  during,  or  just  after,  the 
premature  systole  of  the  ventricles.  In  consequence  of  the  latter,  the 
ventricle  is  unable  to  respond  to  the  impulse  conducted  from  the  atrium 


Fig.  242. — Diagram  of  Disturbance  Produced  by  a  Ven- 
tricular Extrasystole  (p).  Note  that  the  Atrium 
Beats  Regularly  Throughout  The  Ventricle  Re- 
sponds to  Six  Atrial  Impulses*  but  the  Impulse  of 
the  Atrial  Systole  in  the  Center  of  the  Diagram  Is 
Lost,  for  it  Falls  while  the  Ventricle  is  in  Prema- 
ture Systole.  The  Break  in  the  Center  of  the  Ven- 
tricular Beat  Indicates  Its  Abnormal  Origin.  Note 
that  the  Lengths  of  Periods  (a)  and  (5)  are  Equal, 
while  Period  (c)  is  the  "Compensatory  Pause." 
(From  T.  Lewis,  "Clinical  Disorders  of  the  Heart 
Beat,"  published  by  P.  B.  Hoeber,  New  York.) 
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until  the  succeeding  atrial  contraction,  and  there  thus  results  a  delay 
in  the  ventricular  rhythm  following  the  premature  beat.  It  is  known 
as  the  compensatory  pause,  because  the  time  occupied  by  (1)  the  beat 
preceding  the  premature  beat,  (2)  the  premature  beat  itself  and  (3) 
the  pause  following  it,  just  equals  the  time  of  two  regular  cardiac  cycles. 
If  the  extrasystole  occurs  very  early  and  the  atrial  rate  is  slow,  the  ventri- 
cle may  be  able  to  respond  to  the  first  regular  atrial  stimulus  succeeding  it 
In  that  event,  the  extrasystole  is  a  true  extra  beat  in  the  ventricular 
rhythm,  and  is  known  as  an  interpolated  extrasystole. 


Fig.   243. — Ventricular   Ex trasy stoles.      (After  K.   F.   Wenckebach,   *'Arch.   des  Maladies  da 

c(£ur/'  published  by  BaiUldre  et  Fils,  Paris.) 

Pulse  Tracings  Illustrating  Ventricular  Extrasystoles  (Fig.  243).— 
The  premature  ventricular  contraction,  as  well  as  the  lengthened  diastolic 
pause  that  follows  it,  are  easily  recognizable  on  the  cardiogram  of  the 
apex  beat. 

In  the  arteriogram  of  the  carotid  or  of  the  radial  pulse,  the  premature 
contraction  may  or  may  not  be  represented  by  a  wave,  depending  upon  the 
strength  of  the  extra-contraction  and  the  amount  of  blood  it  has  forced  into 
the  aorta.  Thus,  there  may  be  only  a  long  pause  of  two  cardiac  revolu- 
tions, or  the  extrasystole  may  be  marked  by  a  small  arterial  wave,  occui^ 
ring  early  and  followed  by  the  compensatory  pause. 

The  phlebogram  or  jugular  tracing  shows  a  single  wave  coincident  with 


Fig.  244. — ^Ventricular  Extrasystoles.     Extrasystole  Shown  at  B,  No  a-Wave   Precedes. 

(Tracing  by  Dr.  A.  D.  Uirschfelder,  J.  H.  H.  Bull.) 

the  extrasystole,  and  not  preceded  by  an  atrial  a-wave.  When  the  regu- 
lar atrial  systole  occurs  simulta;neou8ly  with  the  ventricular  extrasystole, 
the  single  wave  on  the  phlebogram  is  very  large;  it  represents  a  com- 
bined venous  impulse  from  both  the  atrium  and  the  ventricle,  and,  in  it, 
the  atrial  element  is  magnified,  because  the  atrium  has  contracted  against 


CLINICAL    DISORDERS    OF    THE    HEART    BEAT      831 

a  closed  ventricle.  Such  sphygmographic  evidence  ia  sufficient  for  the 
decision  that  an  extraaystole  has  originated  in  the  ventricles,  but  the  elec- 
trocardiogram permits  of  slill  further  analysis  and  differentiation. 

ElectrocardiojH'&iiis  of  Ventricular  Eztrasystoles  (Fig.  245). — This 
electrical  method  of  registration  also  points  to  the  features  observable  by 
the  other  methods  just  tieacrilied.  Thus,  one  sees  a  wave  representing  the 
early  ventricular  systole.  It  is  not  preceded  by  an  atrial  wave  (P),  hut 
it  is  followed  by  a  compensatory  pause.  Furthennorej  the  wave  due  to  the 
premature  contraction  itself  does  not  assume  the  usual  ventricular  type 
(Q-R-S-T  complex)  but  is  of  an  anomalous  form.  In  explaining  this  dif- 
ference, one  must  remember  that,  in  the  normal  beart  beats,  all  parts  of  the 
ventricular  system  contract  nearly  simultaneously,  while  in  the  ventricular 
extrasystole,  the  abnormal  stimulus  arises  at  some  point  in  either  the  right 
or  the  left  ventricle,  and  is  thence  propagated  to  the  remaining  parts  as  a 
wave  of  stimulation  and  contraction.    This  extrasystolic  type  of  ventricular 


ti 

Fit  245.— ripctroc»rdlogr«ma  of  Vpntrlcular  Ritrasy stoles.  The  Vrntrlcular  Eitrasystole  la 
Sbown  br  ID  Klfctrlrfll  Turve  that  Ih  Entirely  DUTprent  from  that  ITodurnJ  by  a  Normal 
Cardiac  Contrardoa.  The  Wave  Ih  a  SIdkIp.  Largp,  Diphasic  Form,  which  Indlc«l« 
that  It  la  Probably  More  I.Ike  a  Wave  of  roQtiai-llon,  than  Like  a  Single  CoatractloD  of 
All  I'arts  of  (he  Muscle  f^liDiiltBDeounly. 

Tbc  Direction  that  the  First  Part  of  the  Eitrasyatole  Curve  Takes,  Indleatei  the  Teatrlcle 
Id   which  It  OrlglDatcd.      Tbua : 

I.  The  Klertrlcal  Curve  Ooes  1'p  First,  and  Means  Ihat  the  CoDtrsctlon  Started  in  the  RIgbt 

Veatnete. 

II.  This  Curre  Goca  Downward  First,   and   Means  that  It  OrlBlnatcd  In  the  Left  Ventricle. 
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contraction,  therefore,  produces  electrical  variations  in  the  form  of  a  large 
diphasic  wave,  which  consumes  about  the  same  period  of  time  in  the  elec- 
trocardiogram as  the  normal  ventricular  complex.  The  initial  direction  of 
this  atypical  wave  is  an  indication  of  the  portion  of  the  ventricles  first 
contracting,  and  permits  us  to  diflferentiate  between  extrasystoles  begin- 
ning in  the  right  from  those  beginning  in  the  left  ventricle.  If  the 
diphasic  wave  be  first  upward  and  then  downward,  it  denotes  that  the 
extrasystole  originated  in  the  right  ventricle;  while  if  the  wave  be  first 
downward  and  then  upward,  it  originated  in  the  left  ventricle. 

Patients  who  suffer  from  extrasystolic  irregularity  of  this  type  may 
complain  of  "palpitation,^'  of  a  feeling  "as  though  the  heart  turned  over  in 
the  chest,"  or  they  may  notice  the  long  pause  following  the  premature  beat 
and  be  uneasy  ^bout  it.  The  prognostic  importance  of  ventricular  extrasys- 
toles depends  upon  the  conditions  with  which  they  are  associated;  these 
may  be  either  benign  or  grave,  and,  in  each  case,  the  condition  of  the  heart 
and  other  organs  should  be  carefully  studied  before  prognostications  are 
made. 

n.    Atrial  (or  Auricular)  Extrasystoles 

This  term  should,  strictly  speaking,  be  applied  only  to  those  instances 

in  which  there  is  an  early 
1^         I         I         I  atrial  systole  and  no  as- 

sociated ventricular  con- 
traction  following  it 
However,  the  term  is 
used  most  frequently  in 
another  sense,  namely,  to 
designate  what  is  in  real- 
ity an  atrioventricular 
extrasystole,  because 
though  the  abnormal 
impulse  arises  in  the 
atrium  it  is  also  con- 
ducted to  the  ventricle, 
which  as  a  rule  re- 
sponds to  it  by  a  con- 
traction that  succeeds  the  atrial  contraction  (Fig.  247). 

Ptdse  Tracings  lUustrating  Atrial  Extrasystoles  (Fig.  248). — ^In 
patients  manifesting  atrial  (or  auricular)  extrasystoles,  the  cardiograms 
and  arteriograms  show  a  disturbance  of  rhythm,  due  to  the  premature  ven- 
tricular contraction  that  is  a  part  of  the  extrasystole.  This  early  sys- 
tole may  be  followed  by  a  long  pause,  but  the  whole  period  of  the  dis- 
turbance is  not  equivalent,  as  in  the  case  of  ventricular  extrasystoles,  to 
two  full  cycles  of  normal  cardiac  rhythm. 


•  b 

Fig.  ^46. — ^Diagraromatlc  Representation  of  an  Atrial 
Extrasystole.  The  -Atrial  Rhythm  Is  Disturbed  by 
tjie  Abnormal  and  Premature  Atrial  Beat  (p)  ;  the 
.Disturbance  In  the  Ventricular  Rhythm  Is  Parallel, 
for  Each  Atrial  Systole  Yields  a  Ventricular  Re- 
sponse. The  Rhythm  of  the  Whole  Heart  Is  Dislo- 
cated, the  Period  a  being  Longer  fhan  the  Period  6. 
(From  T.  Lewis,  "Clinical  Disorders  of  the  Heart 
Beat,**  published  by  P.  B.  Hoeber,  New  York.) 
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Simultaneous  tracings  of  the  Tenoua  pulse  and  of  the  arterial  pulse 
easily  differentiate  this 
form  of  extrasystolfc 
The  phlebogram  associ- 
ated with  the  prema- 
ture beat  consists  of  the 
normal  double  pulsa- 
tion made  up  of  the  a-, 
C-,  and  tJ-wavea,  but  the 
distinguishing  feature 
is  the  presence,  in  the  extrasystole,  of  the  atrial  (a-)  wave  that  indicates  its 
origin. 

Electrocardiograms  of  Atrial  Eztrasystoles  (Fig.  240). — In  an  elec- 
trocardiogram, the  atrial  extrasystole  is  revealed  simply  by  the  occurrence, 
prematurely,  of  a  cycle  of  the  normal  form,  all  of  the  waves  P,  R,  and  T, 
being  present  in  ordinary  sequence.  In  the  premature  beat,  the  atrial  wave 
(P)  is  subject  to  variations  in  form,  depending  upon  the  part  of  the  atrium 
in  which  the  abnormal  stimulus  originates.  If  the  extrasystole  arise  at  or 
near  the  sinus  region,  the  P-wave  will  be  of  the  same  type  as  the  atrial 
waves  of  the  remaining  regular  contractions.  Shoidd  it  originate,  how- 
ever, at  any  other  point  in  the  atrial  tisane,  the  P-wave  will  be  modified  in 
form.  This  change  is  now  utilized,  clinically,  more  accurately  to  localize 
the  site  of  origin  of  atrial  extrasystolea. 

iii.    Nodal  Extrasystoles 

By  nodal  extrasystoles  are  meant  premature  beats  that  have  their 
point  of  origin  in  the  conduction  systpm  between  the  atria  and  the  muscular 
wall  of  the  vcntriclpa,  that  is,  especially  in  the  node  of  Tawara  in  the 
atrioventricular  bundle  of  His.  Fmm  this  point,  the  stimulus  spreads  in 
both  directions,  retrograde  to  the  atria  or  auricles  and  downward  to  the 
ventricles,  so  that  atria  and  ventricles  contract  almost  simultaneously. 


834     DISEASES    OF    THE    CIRCULATORY    APPARATUS 


II 

Fig.  24S. — Electroclrdlogram  ol  Atrial  or  Auricular  EitraejHtoles.  I.  Arising  At  or  N«*r 
tb«  Point  o(  Origin  of  the  Normal  Btlmulua.  Tbls  is  Shown  b;  tbe  Pact  tbat  the 
P-Wave  that  Starts  Bach  Kitrasystole  Is  o(  tbe  Same  Form  aa  the  Normal  P-Wave.  In 
thia  Case  It  IB  Knp«rlmposed  npon  the  7-Wave  al  the  Preceding  Contraction,  and  iDcreue* 
tbe  Height  of  that  Ware.  II.  Arising  at  Some  Other  Point  In  the  Auricle*  than  the 
Normal  Point.  The  P-Wave  of  the  Ellraaystole  la  luTcrtisl,  which  Means  that  tbe 
CoDtractlon  of  the  Auricle  wai  Different  In  Form  from  (bat  o(  tbe  Normal  Beati  In 
the  Same  Tracing. 

Often,  however,  there  is  no  evidence  of  an  atrial  contraction  on  the  curvefl, 
in  which  event  it  is  impossible  to  rule  out  an  extraaystole  originating 
rather  high  up  in  the  conducting  system  below  the  node. 

Pulse  Tracmg:8  of  Nodal  Extrasystolea  (Fig.  2S0).^In  cardiograms, 
arteriograms  aud  phlebograms  the  picture  is  like  that  of  a  ventricular 


10. — Shows  Two  Nodal  EitrasTHtoies  (a'|,  tbe  Anilcular  Waxei  a'  appeirlnc  premitnrdj 
id   at   the   same   time   as   the   extrasystole   In   tbe   radial.      (Atter  Jar  ~   "~  ' 
Jiscaees  of  tbe  Heart."  publlsbed  bf  Oxford  Press,  London.) 
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eztrasyetole,  though,  id  the  jugular  tracing,  the  atrial  a'-wave  may  be  die- 
tinguished  as  a  premature  wave  synchronous  with  the  extrasystole  in  the 
radial  pulse. 

Electrocardiograms  of  Kodal  Extrasystoles  (Fig.  251). — The  elec- 
trocardiographic method  affords  the  best  means  of  differentiating  this 
nodal  type  of  extrasystole  from  that  of  ventricular  origin.    In  place  of  the 


Fig.  251. — Eleetrocaraiogram  of  EitranyRtole  Arlsiag  at  a  Point  Somewhere  Between  the 
Anricles  and  Ventrleles  (Nodal  Eitrasyslote).  Tbe  EitraarBlole  Shown  1R  Not  o(  the 
Auricular  Type,  for  It  Is  Not  Frecwled  by  a  P-Wave.  (The  T-Waic  of  the  Contr«ctlon 
Before  It  Ib  Not  DlfTereot  trom  those  of  the  Other  Normal  BeatB,  and  for  this  Reason 
ia  rrobablj  Not  a  ComblnBtlon  of  P  and  T.)  Neither  U  It  of  the  Form  Caually  Seen 
In  Ventrlcniar  EitrasyBtoleR.  Id  Form  It  Is  Much  Like  the  Normal  Ventricular  Complei, 
Which  iQdIcBtea  tbal  a  Large  Portion  of  the  lulernal  Conducllon-MechaDlsm  Entered 
Into  It*  ProductlOD.  ThiB  Means  that  the  Abaornial  Stimulus  Munt  heve  Begun  High  Up 
Id  tbe  Bundle  and  was  Transmitted  to  the  Tentrlcle  In  Che  Normal  Manner. 

large  diphasic  wave  of  the  ventricular  extrasystole,  the  premature  beat  of 
nodal  origin  gives  electrical  variations  that  are  more  of  the  form  of  the 
normal  ventricular  complex.  This  would  indicate  that  a  large  portion  of 
the  internal  ventricular  musculature  must  have  been  included  in  the  abnor- 
mal contraction,  and,  therefore,  the  stimulus  must  have  originatedvery 
high  in  the  atrioventricular  conduction-system.  The  determination  of  the 
presence  of  a  P-wave  on  the  curve  is  often  quite  uncertain,  so  that  it  is  not 
always  possible  to  say  that  retrograde  stimulation  (and  contraction)  of  the 
atrium  has  occurred. 


Fig.  202. — PalQs  hIgemlnuB :  F.arh  Normal  Systole  Is  Followed  by  an  Ritranystole,  which 
Follows  the  First  at  au  InterTal  that  Is  Constant.  Thene  arc  Nodal  Ritrasystolea. 
<After  K.  F.  Wenckebach.  "Arch,  des  maladies  du  e<Eur."  publlahcd  by  BBlIll«rc  et  llli, 
Paris.) 
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In  all  types  of  extrasystolic  irregularity  the  occurrence  of  the  prema- 
ture contractions  may  follow  a  regular  sequence  in  relation  to  the  normal 
rhythm.  Thus,  an  extrasystole  may  succeed  each  regular  systole,  giving 
rise  to  a  "coupled  beat"  or  "pulsus  bigeminus"  of  extrasystolic  origin.  Or 
two  extrasystoles  may  follow  each  regular  beat,  in  which  case  we  speak  of  a 
"triple  beating"  or  "pulsus  trigeminus."  It  should  not  be  forgotten  that 
"coupled  beats"  and  "triple  beating"  are  not  always  extrasystolic  in  origin; 
they  may  also  be  met  with  in  heart  block  {q.  v.). 
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(b)    The  Paroxysmal  Tachycardias 

These  peculiar  forms  of  cardiac  activity  also  indicate  abnormal  impulse- 
formation  in  some  part  of  the  heart.  Just  as  the  atria  and  the  ventricles 
are  capable  of  producing,  when  in  a  state  of  hyper-irritability,  a  single 
premature  contraction  in  spite  of  the  predominating  rhythm,  so  also  they 
can  initiate  a  prolonged  series  of  abnormal  beats  and  give  rise  to  a  tachy- 
cardia. In  such  forms  of  tachycardia,  the  onset,  as  well  as  the  cessation,  of 
the  attack  is  very  abrupt,  and  this  accounts  for  the  designation  "aprosrs- 
mal" ;  this  feature  distinguishes  them  from  other  tachycardias,  e.  jr.,  those 
of  Graves's  disease,  of  atrial  flutter  and  of  atrial  fibrillation.    The  simple 
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paroxysmal  tachycardias  may  be  divided,  according  to  the  place  of  origin 
of  the  abnormal  rhythm,  into  atrial,  ventricular,  and  nodal  tachycardias. 

The  heart  rate  varies  between  110  and  200;  usually  the  rate  is  some- 
where between  140  and  190  per  minute.  One  should  not  rely  on  the  pulse 
count  at  the  wrist,  but  should  count  the  heart  rate  with  the  aid  of  a  stetho- 
scope. An  attack  may  last  from  a  few  seconds  to  several  days ;  I  knew  one 
young  man  whose  attacks  lasted  for  two  weeks  at  a  time.  It  may  occur  at 
any  age.  One  of  my  patients,  now  over  80  years  old,  has  had  attacks  since 
early  childhood. 

An  interesting  point  in  diagnosis  is  that  the  heart  rate  does  not  change 
when  the  patient  passes  from  the  standing  to  the  recumbent  position. 

Pulse  Tracings  and  Electrocardiograms  in  Paroxysmal  Tachycardia 
(Figs.  253,  254,  255,  256). — If  the  reader  will  remember  that  this  condi- 
tion represents  merely  a  series  of  atrial,  ventricular  or  nodal  extrasystoles 
that  follow  one  another  in  rapid,  regular  sequence,  and  that  these  impulses 
arise  in  a  single  focus  at  some  distance  from  the  normal  pacemaker,  it  vnll 
be  unnecessary  further  to  discuss  the  form  of  the  curves  obtained  by 
graphic  methods.  The  atrial  form  of  paroxysmal  tachycardia  is  the  com- 
monest type ;  it  shows  a  rapid  repetition  of  the  features  that  characterize 
the  individual  atrial  extrasystole.  In  the  same  manner,  the  ventricular 
form  of  paroxysmal  tachycardia  is  characterized  by  the  rapid  recurrence 
of  ventricular  extrasystoles,  and  the  nodal  by  the  rapid  recurrence  of  nodal 
extrasystoles. 
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[.  2S5. — Electrocardiogram  in  Paroijiamal  Tachrcerdla.  Atrial  or  Auricular  Type.  EUtc 
170  per  Minute.  Tbe  Rapid  Bute  Is  Shown  by  tbe  Sbortened  Diastole,  the  Auilculat 
Ware  FallloK  uimn  tbe  Final  Wave  o(  the  Preceding  Contraction.  There  la  an  Inverted 
P-Wave.  BeslnnlDg  Each  llnnfractlan  of  the  Beart.  This  Indicates  that  the  Tacbyeardla 
Arises  ID  tbe  Atria  lAurlcieaJ,  but  at  Some  Part  Other  than  at  the  Normal  Point  of 
Origin. 


Fig.  258. — Electrocardiogram  In  ParaiyBmBl  Tachycardia.  Ventricular  Type.  Rate  230  per 
MlDUte.  This  Form  Consists  of  a  Series  of  Vcotrlcnlar  F.itra systoles  Following  Bach 
Other  In  Rapid  Succession.  There  is  no  Sign  of  soy  Atrial  or  Auricular  <P)  Waves  to 
be  Seen.  Tbe  First  Fart  of  tbe  Wave  of  Ventricular  Contricllon  Is  Downward,  wblch 
Indicates  that  tbe  Left  Ventricle  Cootracts  First 

UwU  (r.)  £  SUberberg  (M.  £ 

Paraoiu-Smith  [B,).  Some  types  of  paroxysmal  tachycardia,  vHlk  specUtl  reference  to 
that  of  auricular  fibriUation.     Practitioner,  London,  1915,  zciv,  533-560. 

Peabodfi  (P.  W.),  A  note  on  the  venout  puke  in  paroxysmal  tadtycardia.  Arch.  Int. 
Med.,  Chicago,  1909,  w,  43^-439. 

RoMneon  {G.  C)-  Paroxysmal  auricaLar  fibrHlalion.  Arch.  IrU.  Med.,  Chicago,  1914, 
xiii,  198-313. 

SchnwU   (£.)•     Paroxysmal  tachycardia.     Am.  J.   M.  Sc,   Philadelphia,   1907,   cxxnii. 


(c)    Atrial  (or  Auricular)  Fibrillation 

One  of  the  most  common  forma  of  cardiac  irregularity  met  with  elin- 
ieally  ia  thatin  which  the  vontrit-ular  acticm  shows  a.  gross  distiirhaiice  of 
its  rhj'thiD.  The  ventricular  contractions  follow  one  another  in  dis- 
orderly fashion  and  show  marted  differences  in  th©  amount  of  force 
expended.    To  tUa  form  of  diaturbance  of  rhythm  have  been  given  the 
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names:  absolute  arhythmia,  perpetual  arkylkmia,  and  pulsus  irregtdaris 
perpetuus.  Clinically,  the  disorder  is  characterized  by  phenomena  depend- 
ent upon  (1)  virtual  paralysis  of  the  atria,  and  (2)  persistent  irregularity 

of  the  ventricles.     It 
ir»_.  L-r  .?■=.--    -"^  --^--~-^~,   '^     ^^^y     '"^     recent 

A    ^ii-^'  ?S^.=YJ%.^^--=T.^^'i  years     that     it     has 

;p- ^- 5-  ^=pWViO--.;^-^;'^— «  ^   been   demonstrated 

\       \  \       \        \     \  \  ^^^  ^^^  condition  is 

\      \  \       V      \     \         \  associated    with    an 

I^Ml  lllll       abnormal     form     of 

II  lllll       contraction     of     the 

atria,    known    as 

Pig.  ZGT. — Diagram  of  Atrial   (or  Anrkular)   FlbrHlatlon.     The         ..    ,    ,  . ,      , 

FIberB  of   the   Alria  do   not  Contract   CoBrdlna.dJ   or  To-  atrial   (OF  STinCTllar) 

getbcr,      Tbcre  are    Multiple   Foci   In   wblcb    Stlmall  Grig-  flbrillfttiOD.            The 

Inate.      Occialonatlj,  at  Very  Irregolar  Intervala.  Impulsea  >         ^    .r 

LeaTe    the    Alrla    and    Stimulate    the    Venlrlclea ;    Hence  mUSCle    Of    the    atna, 

the  Bapla  acd  Absolutely  Irregular  rulse.    (After  T.  Lewis,  after    a    loniF    period 

"Clinical    DlBordera    of    the    Heftrt    Beat."    pabllabed    bj  -      .                       ^ 

p.  Hoeber,  New  York.)  01  strcss,  may  cease 

to  contract  as  a  co- 
ordinate unit  and  the  individual  muscle-bundles  then  begin  to  contract 
independently  of  one  anotlier.  These  independent  contractions  originate 
at  multiple  foci  in  the  atria,  and  some  are  ocnrring  throughout  the  entire 
cardiac  cycle.  The  stimuli,  arising  at  all  these  points  in  the  atria,  are  con- 
ducted in  a  "rapid  and  haphazard"  way  to  the  ventricles,  and,  thus,  the 
ventricles  are  continuously  bombarded  with  stimuli  of  varying  strength ; 
to  these  they  respond  at  irregular  intervals.  The  times  of  the  ventricular 
contractions  depend  upon  the  relations  between  the  strength  of  stimuli 
received  and  the  time  interval  after  preceding  ventricular  contractions. 

Pulse  Traoinfifs  in  Atrial  Fibrillation  (Fig.  25S). — Arteriograms  and 
cardiograms  show  that  the  ventricular  contractions  are  of  increased  fre- 
quency, and  are  very  irregular  in  force  and  in  rhythm. 

The  venous  pulse  as  studied  in  phlebograms  is  found,  usually,  to  exhibit 
a  single,  broad  wave  co- 
incident with  each  ven- 
tricular systole;  it  is 
the  so-called  "ventricu- 
lar" or  "positive"  ve- 
nous pulse  {q.  v.).  The 
absence  of  the  normal 
atrial      contraction     is 

Fl«.    258— Phlcbogram    aod    Arteriogram    In    Pulsus    Irregn-        ghown     bv     the     absence 

larls   perpetuus   with   Atrial   Paralysis.      (Personal  Ob-  ,     .  ''  ,     . 

aervaiion.  J.  11.  H.  Bull)  of  the  fl-wave,  and,  in 

a  few  instances,  the  fact 

that  the  atria  are  fibrillating  is  evidenced  by  small  undulations  in  tbe 

diastolic  f 
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Elscteocardiogrami  in  Abial  Fibrillation  (Fig.  259). — The  electro- 
cardiographic method  of  registration  yields  a  very  striking  and  character- 
istic picture  in  this  condition,  A  ventricular  complex  (R-  and  T-wave) 
marks  each  ventricular  contraction,  and  the  unequal  spacing  of  the  ven- 
tricular complexes  certifies  to  tlie  irregularity  o£  the  ventricular  rhythm. 
The  ventricular  complex  often  shows  variations  in  form  in  successive  beats, 
an  indication  that  the  ventricles  tlo  not  always  contract  in  the  same  man- 


rig.  25B.^Elt;ctrocBrdlogramB  in  Atrial  (or  Auricular)  Fibrillation  and  Fhillvi'.  In  Auricu- 
lar FtbrUlatlon  and  Flutter  thu  Mala  Ft'atnrcH  ar>!.  Caniplele  AlifvacK  of  Ibe  P-Wave. 
Marked  trroKUlarit;  of  (be  VcDtrlrlu  ISIiowa  by  the  ff-Wavo),  end  an  Almost  Conntant 
Vibration  of  Ihe  String,  Cauat-d  by  Ihp  FlbHIlnllng  Auricle.  A.  Fine  Type.  Here  the 
Warea  are  Small  and  Very  Rapid.  B.  Coanie  Type.  The  WavpH  In  this  Form  are  Much 
Larger  and  Slower.  The  Fibrillation  Waves  Vary  Greatly  Id  SlEe  and  Form,  as  well  bh 
In  Time.  C,  Auricular  Flutter,  la  this  we  See  a  Distinct  RegularK;  In  Sice.  Form, 
and  Time  of  the  Auricular  OsclliatlnnB. 
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ner.  The  atrial  wave  (P),  seen  in  the  electrocardiogram  of  the  normal 
heart,  is  here  absent  because  there  is  no  distinct  coordinated  atrial  contrac- 
tion. It  is  replaced  by  many  small  oscillations  that  continue  throughout 
both  systole  and  diastole,  and  which  are  caused  by  the  fibrillary  contrac- 
tions of  the  atria.  These  fibrillary  waves  have  been  divided  into  three 
classes:  (1)  fine  fibrillation^  where  the  waves  are  extremely  rapid  and 
minute;  (2)  coarse  fibrillation,  in  which  the  oscillations  are  larger,  though 
quite  irregular  in  form  and  size  and  (3)  atrial  flutter,  characterized  by 
rather  large  uniform  undulations  and  a  regular  rhythm.  This  last  form 
deserves  separate  consideration  (See  below).  The  pulse  rate  in  patients 
with  atrial  fibrillation  varies  usually  between  80  and  150. 

The  condition  may  occur  at  any  age,  and  is  much  more  common  in 
males  than  in  females.  It  is  always  associated  with  serious  lesions  of  the 
myocardium.  It  is  very  often  associated  with  valvular  lesions,  and  when 
it  occurs  in  women,  it  is  most  often  associated  with  mitral  stenosis;  as 
Thomas  Lewis  puts  it,  "mitral  stenosis  and  auricular  fibrillation  are  bosom 
companions."  In  about  half  the  cases,  a  history  of  rheumatic  fever  is 
obtainable.  Of  the  non-rheumatic  cases,  other  infections,  especially  lues 
and  influenza,  are  common  antecedents ;  but  atrial  fibrillation  may  develop 
in  any  one  of  several  different  forms  of  myocardial  degeneration ;  I  have 
met  with  several  instances  in  the  thyreotoxic  heart. 

Patients  with  atrial  fibrillation  nearly  always  show  signs,  and  complain 
of  the  symptoms,  of  cardiac  decompensation  with  chronic  circulatory  in- 
sufficiency (q.  v.). 

The  occurrence  of  atrial  fibrillation  in  mitral  lesions  is  often  the  cause 
of  diagnostic  blunders.  As  T.  Lewis  has  pointed  out,  a  murmur  of  mitral 
stenosis  that  originally  extends  through  the  whole  diastole  of  the  shorter 
cycles,  "is  replaced,  as  the  heart  slows,  by  an  early  diastolic  murmur  that 
is  maximal  in  the  region  of  the  apex.  It  is  the  last  murmur  that  so  fre- 
quently misleads  the  physician  and  suggests  to  him  an  insufficiency  of  the 
aortic  valves."  When  mitral  stenosis  and  atrial  fibrillation  "are  present  in 
the  same  patient  and  the  heart  rate  is  slow^  an  early  diastolic  murmur  most 
clearly  audible  at  the  apex  but  often  spreading  beyond  it,  is  an  expected 
sign.  A  diagnosis  of  aortic  reflux  is  never  justifiable  when  the  heart  is 
grossly  irregular  and  slow,  unless  unequivocal  signs  of  it  are  present  apart 
from  such  a  murmur." 

It  is  in  cases  of  atrial  fibrillation  that  drugs  of  the  digitalis  group  yield 
their  most  brilliant  benefits.  A  heart  rate  above  100  in  atrial  fibrillation 
is  an  indication  for  digitalis,  or  strophanthin,  in  amoimts  sufficient  to  slow 
the  rate  to  80  or  lower.  Patients  with  atrial  fibrillation  and  outspoken 
tachycardia  who  do  not  respond  to  rest  and  to  digitalis  properly  adminis- 
tered are  in  grave  danger. 

When  the  atria  once  begin  to  fibrillate,  the  condition  is,  as  a  rule,  per 
uianent  {perpetual  arhythmia).    But  cases  of  paroxysmal  fibrillation  are 
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known  and  are  often  confused  with  simple  paroxysmal  tachycardia.    The 
electrocardiogram  quickly  differentiates  between  the  two  conditions. 
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(d)    Atrial  (or  Auricular)  Flutter 

In  this  condition,  the  normal  beats  of  the  heart  disappear  and  are  re- 
placed by  heart  beats  originating  in  the  atria  as  a  result  of  automatic, 
regular,  recurring  pathological  impulses,  which  vary  in  rate  from  200  to 
350  per  minute. 

The  condition  differs  from  simple  paroxysmal  tachycardia  (1)  in  that 
the  atrial  rate  exceeds  200  per  minute,  ordinarily  being  from  260-320  per 
minute,  and  (2)  in  that  the  ventricular  rate  is  usually  from  130-160  per 
minute,  or  exactly  half  the  atrial  rate,  owing  to  the  existence  of  a  2 :1  heart 
block.  Occasionally,  the  ventricular  rate  is  much  less,  owing  to  the  exist- 
ence of  a  3 : 1  or  a  4 : 1  heart 

,  iiiiiiiiiiiiii 
iiiiiiiiiiiiii 


block,  or  there  may  even  be 
ventricular  bradycardia  with 
a  pulse  rate  of  30-38  per  min- 
ute, owing  to  complete  heart- 
block. 

It  is  believed  that,  in  atrial 
flutter,  the  pathological  stim- 
uli arise  at  a  single  focus  in 
the  atrial  tissue,  and  that  this 
focus    lies    at   some   distance 
at  least  from  the  pacemaker 
of   the   heart   and   is  ungov- 
erned  by  the  cardio-inhibitory 
nerves. 
Flutter  is  most  common  in  advanced  life  (age  50-80),  but  it  may  occur 
as  early  as  the  third  decade.     Males  are  much  more  often  attacked  than 
females. 

It  is  not  always  easy  to  recognize  the  condition  clinically  without  elec- 
trocardiographic studies,  though  sometimes  it  is  possible.  It  may  be  sus- 
pected in  elderly  patients  who  have  a  regular  pulse  and  persistent  tachy- 


Fig.  260. — Diagram  of  Atrial  and  Ventricular 
Beats  In  Atrial  (or  Auricular)  Flutter.  The 
Abnormal  Atrial  Beats  are  Broken  in  their 
Centers.  The  Atrial  Rate  is  Very  Rapid. 
The  Ventricular  Rate,  though  Rapid,  is  only 
Half  the  Atrial,  since  a  2:1  Heart  Block 
Exists.  (After  T.  Lewis.  ••Clinical  Disorders 
of  the  Heart  Beat,"  published  by  P.  Hoeber, 
New  York.) 
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cardia  of  from  130-160  per  minute,  especially  if  there  be  no  change  of  rate 
on  change  of  posture,  on  rest,  or  on  exercise.  If  electrocardiograms  be 
taken  in  such  patients,  the  atrial  rate  will  usually  be  found  to  be  just  twice 
the  ventricular  rate ;  in  other  words,  the  condition  is,  as  a  rule,  associated 
with  2 :1  heart  block. 

But,  in  some  patients  with  atrial  flutter,  the  ventricular  responses  may 
be  irregular,  though,  on  exercise,  the  ventricular  action  becomes  accelerated 
and  perfect  regularity  of  the  pulse  may  then  follow  (T.  Lewis).  When 
flutter  exists  with  a  heart  rate  within  normal  limits,  and  with  a  regular 
pulse  at  the  wrist,  it  is  almost  sure  to  be  overlooked  unless  an  electrocardio- 
gram be  made.  Fortunately,  in  such  cases,  failure  to  detect  the  flutter  is 
relatively  unimportant ;  moreover,  such  cases  are  rare. 

Many  patients  have  short  paroxysms  of  atrial  flutter,  resembling  par- 
oxysms of  simple  paroxysmal  tachycardia ;  they  may  occur  off  and  on  for 
a  considerable  period  before  persistent  flutter  sets  in. 

It  is  remarkable  how  little  subjective  disturbance  atrial  flutter  may 
cause.  The  patients  complain,  it  is  true,  of  fatigability  and  of  a  feeling 
of  exhaustion,  but  otherwise  they  may  be  completely  free  from  subjective 
disturbances.  Now  and  then,  the  heart  block,  usually  present  in  flutter, 
passes  off;  the  ventricular  rate  then  becomes  immediately  doubled  so  as  to 
assume  the  full  atrial  rate  of  say  300  per  minute.  In  such  an  attack,  the 
patient  often  becomes  unconscious,  and,  unless  the  heart  block  returns,  he 
may  soon  die.  Thomas  Lewis  has  known  flutter  to  last  for  four  years  in 
one  patient  w^hose  ventricle  beat  unceasingly  at  the  rate  of  160  per  minute. 
He  states  that  of  17  patients  manifesting  flutter  observed  by  him,  only  one 
has  died  and  he  as  a  result  of  operation. 

It  is  interesting  that  the  ventricular  rate  in  flutter  can  be  reduced  by 
full  doses  of  digitalis  or  of  strophanthin.  Sometimes  the  flutter  ceases 
under  such  medication  to  be  replaced  by  atrial  fibrillation,  after  which,  if 
the  treatment  with  digitalis  be  stopped,  the  fibrillation  may  vanish  and  a 
normal  rhythm  be  resmned ! 
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6.    Ghan^  in  the  Contractile  Force  of  the  Heart 

(a)    Pulsus  alternans 

The  contractile  force  of  the  ventricular  muscle  may  be  diminished 
either  from  weakening  of  the  muscle  itself,  or  from  the  fact  that  the  heart 
rate  may  be  so  rapid  (e.  g.,  in  some  cases  of  paroxysmal  tachycardia)  that 
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Fig.    261. — Pulsus    alternans   Due   to   Disturbance   of  Cardiac   Contractility.      (After  K.  F. 
Wenckebach,  "Arch,  des  maladies  du  coeur/'  published  by  Baillldre  et  Flls,  E^aris.) 

there  is  not  sufficient  time  in  diastole  for  its  recuperation.  This  is  often 
evidenced  by  a  rhythmic  variation  in  the  strength  of  alternate  contractions 
of  the  ventricle.  The  heart  beats  regularly,  but  larger  and  smaller  quan- 
tities of  blood  are  expelled  at  alternate  contractions. 

Pulse  Tracings  ( Fig.  262). — It  is  best  seen  in  arteriograms  from  either 
the  carotid  or  the  radial  arteries.  The  alternating  large  and  small  pulse 
waves  indicate  the  variation  in  the  forces  of  the  ventricular  contraction. 


Fig.  262. — Jugular  Phlebogram  and  Brachial  Arteriogram  In  Paroxysmal  Tachycardia  wiUi 
Ventricular  Venous  Pulse.     (After  A.  D.  Hirschfelder,  J.  H.  H.  Bull.) 

In  arteriograms  of  pulsus  alternans  the  beats,  though  unequal  in  size, 
are  seen  to  occur  at  approximately  equal  intervals ;  whereas,  in  the  coupled 
beats  resulting  from  regularly  recurring  premature  contractions  (pukiw 
bigeminus)y  the  pause  following  the  premature  contraction  is  distinctly 
lengthened. 

Electrocardiogram. — This,  in  many  instances,  is  unchanged ;  but  occa- 
sionally a  similar  variation  in  the  height  of  the  waves  may  be  seen.  But, 
in  the  cases  reported,  a  peculiar  feature  is  that  the  larger  electrical  varia- 
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tions  correspond  to  the  beats  that  produce  the  smaller  arterial  pulsations ; 
in  other  words,  excitation  may  be  greater  when  contraction  is  less ! 

Significance. — ^Alternation  of  the  pulse  is  a  sign  either  that  a  fairly 
healthy  heart  is  overloaded,  or  that  a  diseased  or  intoxicated  heart  muscle 
is  making  the  effort  to  do  more  work  than  it  is  equal  to. 

In  some  instances,  the  alternation  of  the  pulse  is  distinctly  perceptible 
to  the  palpating  finger ;  but,  in  the  majority,  graphic  methods  of  registra- 
tion are  necessary  for  its  recognition.  It  should  be  tested  for  by  sphyg- 
mography  in  cases  of  angina  pectoris  and  in  all  cases  of  high  blood  pressure 
(cardiac  disease,  arteriolar  nephropathy),  especially  in  elderly  people. 
When  extrasystoles  are  present,  alternation  should  be  looked  for  in  the 
beats  that  immediately  succeed  them.  Persistent  pulsus  alternans  is  a 
sign  of  bad  omen  and  demands  careful  protection  of  the  heart. 
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7.    Disturbances  in  Conduction  in  the  Heart 

(Heart  Block) 

The  different  chambers  of  the  heart  are  connected,  as  we  have  seen, 
through  a  distinct,  specialized  structure,  by  means  of  which  the  stimulus  is 
passed  from  one  to  the  other.  This  is  the  atrioventricular  bundle  of  His, 
which  begins  in  the  atria  and  from  them  passes  down  to  the  ventricular  sep- 
tum, where  it  divides,  in  a  Y-shaped  manner,  into  two  limbs,  one  going  to 
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the  muscular  wall  of  the  right,  the  other  to  the  muscular  wall  of  the  left, 
ventricle.  Each  limb  of  the  bundle  is  distributed  by  means  of  the  Purkinje 
system  of  fibers  in  the  ventricular  wall.  Functional  or  organic  changes 
in  the  bundle  may  delay,  or  prevent,  the  transmission  of  the  stimulus  to  the 
succeeding  portion  of  the  heart.  When  this  defect  does  occur,  it  gives 
rise  to  a  disturbance  of  the  cardiac  cycle,  characterized  by  a  partial,  or 
a  complete,  dissociation  of  the  contractions  of  the  two  parts  of  the  heart 
separated  by  the  lesion.  To  this  condition  of  dissociation,  the  term  heart 
block  has  been  applied.  The  most  common  form  is  that  in  which  block 
develops  between  the  atria  and  the  ventricles ;  and  this  is  the  type  that  is 
sometimes  accompanied  by  the  clinical  picture  of  the  Adams-Stokes  syn- 
drome. The  obstruction  may,  however,  affect  other  points  in  the  conducting 
system.  Recently,  it  has  been  shown  that  one  branch  of  the  bundle  after 
its  division  may,  alone,  be  affected,  giving  rise  to  an  intraventricvJcr 
block.  Heart  block  is  divided  into  classes  primarily  according  to  the 
location  of  the  lesion,  but  these  groups  may  be  again  subdivided,  according 
to  the  degree  of  the  disturbance  produced.  We  meet  with  different  grades 
of  severity,  which  have  been  termed:  (1)  delayed  conduction,  (2)  partial 
heart  block;  (3)  complete  heart  block.  In  each  of  these  forms,  again, 
slightly  different  pictures  may  be  encountered,  both  clinically  and  in  the 
curves  obtained  by  graphic  registration. 

(a)    Atrioventricular  Block 

u    Delayed  O^ndudion 

When  conduction  is  slightly  impaired  at  the  atrioventricular  junction, 
the  stimulus  from  the  atria  reaches  the  ventricles,  it  is  true,  but  more  time 
is  required  for  its  transmission  than  in  normal  conditions.    This  is  spoken 

of  as  delayed  conduc- 
tion, and  is  usually 
the  first  stage  of  a  be- 
ginning block.  It  is 
manifested  in  the 
heart  by  the  increase 
in  the  time  between 
the  atrial  systole  and 

Fig.    263.— Delayed    Conduction.      Increase   of   As-Vs   Interval.  ^^®    VentriCular^  sys- 

(A)    A    Diagram    Representing   the   Action  of    the   Normal  tole       {As-Vs      intcr- 

Heart.      The    Auricle    Contracts    First    and    Transmits    an  vfll^ 

Impulse    (the   Oblique   Line)    to   the   Ventricle.     The   Ven-  ^^V* 

tricle   Responds  and  Commences  to   Contract  Immediately  In  the  pulse  tra- 

at   the    Cessation    of   Auricular   Systole;    (B)    A    Diagram  .                 j    •         i 

Illustrating  the   Earliest   Stage  of  Heart   Block.     There  is  CingS   and   in  electTO- 

Delay  In  the  Transmission  of  the  Impulse  from  Auricle  to  rtQr»A^f\en»a'rY^a    +V»?o  Aa^ 

Ventricle    (Indicated    by    the    Obliquity    of   the    Line    that  caruiograms,  iniS  ae- 

Joins  the  Rectangles  in  the  Diagram).     (After  T.  Lewis,  \ay    {a    evidenced   bv 

"Clinical  Disorders  of  the  Heart  Beat,"  published  by  P.  B.  ,  •^        .  ,       ^^^^'=^     J 

Hoeber,  New  York.)  the   Widening   of  the 
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space  separating  the  atrial  from  the  Teutricular  waves,  that  is,  in  the 
lengthening  of  the  As-Vs  interval.  In  the  venous  tracing,  this  is  the  (K 
interval,  while  in  the  electrocardiogram  it  is  the  P-R  (or  P-Q)  interval, 
i.  e.,  what  is  now  called  the  "alpha  interval."  This  interval  in  normal 
hearts  ranges  from  0.1  to  0,2  of  a  second  in  duration,  but  in  delayed  con- 
duction it  miiy  be  increased  to  as  much  as  0.6  of  a  second.     The  longest 


Fls.  SC-t.— Ilvmarliablc  D.'lar  Id  ('undiictloD  Time  vltb  nvglanlns  Heart  Block.  PerBODal 
Observation.  Nute  that  the  P-P  IntiTval  Varlos  Betweun  .07  aad  1.01  Second.  The  P-R 
iDlcrral  for  tbe  First  Cycle  Is  .31,  tor  the  Second  Cycle  .38,  (or  the  Third  Cycle  the 
EitraordinarT  Length  at  1.01  Second,  no  Ibat  (he  VcQIrlcular  Cumcilei  la  Practical!; 
Coincident  with  the  P-Wavc  ot  the  Kelt  Cycle.  This  Laat  P-Wave  la  Not  Followed  by 
B  Ventricular  Complei.  The  Final  P-Waye  In  the  Tracing  la  Pollowed  by  a  Ventricular 
Complex  Afler  Leaving  an  Interval  of  .21  Second.  The  Rhythm  Here  la  Tbua  B  :4.  Since 
One  Ventricular  Complex  Falla  Out.     (Elcetrocardlogram  by  Dr.   E.  W.  Brldgman.) 

interval  recorded  hitherto  occurred  in  a  case  reported  by  my  colleague, 
Professor  W.  S.  Thayer.  A  still  longer  delay  in  conduction-time  is  ob- 
servable in  a  patient  now  under  my  observation,  referred  to  me  for  study 
through  the  kindness  of  Dr.  llcCurdy  of  Frederick,  Md.  The  P-R  interval 
in  one  cardiac  cycle  reached  the  great  length  of  1.03  second,  as  was  shown 
by  the  electrocardiogram  made  for  me  by  Dr.  Bridgman.  In  the  accom- 
panying figure,  an  alpha  interval  of  1.01  second  is  shown. 

ii.    PartuI  Bloc^ 

When  the  lesion  is  more  advanced,  conduction  may  be  so  impaired  that 
the  stimulus  from  the  atria  is  occasionally  prevented  from  reaching  the 
ventricles;  this  is  known  as  partial  block.  In  the  heart  itself,  it  is  mani- 
fested by  failure  of  the  ventricles  to 
contract  after  certain  contractions  of 
the  atria  or  auricles ;  in  other  words, 
certain  beats  are  "dropped."  There 
may  be  only  an  occasional  dropping 
of  a  beat,  or  the  atrial  rhythm  may 
have  a  definite  ratio  to  that  of  the 
ventricles.    Thus  we  speak  of  a  2 : 1,  rig.  aes.— a   niagram   or  2  :i   Heart 

.  3: 1,  and  a  4: 1  block,  these  fig„r«,  .rL:",.".';'  ^SSl'tt— 

indicating  the  ratio  between  the  nnm-  the    Atnai    Beata    are    Regular, 

ber,  ot  the  atrial  .,,,1  the  ventric-  ^.'",1..™  iSP'tmiS 

lar  contractions.      Very  often,   as  a  by  p.  b.  Hoeher,  New  York.) 


k.     In  the  heart  itself,  it  is  mai 

V  V  \ 
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"dropped  beat"  ia  approached,  its  proximity  is  heralded  by  a  prt^ressive 
increase  in  length  of  the  preceding  As-Vs  intervals. 

In  arteriograms  and  pblebograme,  simultaneously  recorded,  this  condi- 
tion of  partial  block  is  easily  recognized.     On  the  arterial  pulse  curve  are 
seen  the  pi 
Tariation 
is  droppet 
jugular  tri 


Fix.  286.— B< 
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initiate  their  own  contractions.  There  thus  arise  two  independent  rhythms, 
which  are  simultaneously  maintained  in  the  same  heart  While  the  atria 
are  receiving  impulses  from  the  Kleith-Flack  node  and  contracting  at  a 
rate  of  from  70-80  beats  per  minute,  the  ventricles,  in  accord  with  their 
own,  slow,  automatic  rhythm,  make  only  some  30  contractions  per  minute. 


CLINICAL  DISOKDEKS   OF   THE   HEAKT   BEAT      861 


s|  SI 


III 
III 


1°' 
i! 

3  ■  K 

IIS 

ill 

«  c 


lis 


862    DISEASES    OF   THE    CIECTTLATOKY   APPARATUS 

This  condition  has  been  called  complete  dissociation  or  complete  heart 
block. 
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Fig.  269, — Heart  Block.  Complete  Dissociation  Between  the  Contractions  of  the  Auricles 
and  Those  of  the  Ventricles.  (After  K.  F.  Wenckebach,  "Arch,  des  maladies  du  cceur/* 
published  by  Bailll6re  et  Flls,  Paris.) 

Pulse  Tracings  (Fig.  270). — The  arteriogram  in  total  block  shows  a 
series  of  very  slow,  forcible  pulsations  coincident  with  the  ventricular 
rhythm ;  the  pulse  waves  are  separated  by  long  diastolic  pauses.  A  simul- 
taneous jugular  tracing  shows  o  and  v-waves  synchronous  with  each 
pulsation  on  the  arteriogram,  but  in  addition  there  are  many  small  waves 
(scattered  at  regular  intervals  throughout  the  curve),  which  represent  the 


Fig.  270. — Jugular  Phlebogram  and  Radial  Arteriogram  in  a  Case  of  Complete  Heart  Block. 
There  are  Three  Pulsations  in  the  Neck  During  Each  Radial  Cycle.  Two  of  E^ch  Group 
of  Three  Neck  Waves  Result  from  Atrial  (or  Auricular)  Contractions,  a,  while  the 
Third  is  the  Result  of  Ventricular  Systole,  c;  when  a  and  c  Fall  Together  an  Exagge- 
rated Wave  is  Produced  and  Is  Visible  as  such  in  the  Neck  ;  It  Is  Due  to  Discharge  of 
the  Atrial  Contents  Into  the  Veins.  (After  T.  Lewis,  "Clinical  Disorders  of  the  Heart 
Beat,"  published  by  P.   B.  Hoeber.  New  York.) 

a-waves  of  the  atrial  rhythm.  In  differentiating  total  block  from  partial 
block,  the  main  point  to  note  is  the  complete  independence  of  the  two 
rhythms — atrial  and  ventricular — in  the  former  condition.  While  there 
may  be  places  where  an  a-wave  and  a  c-wave  seem  to  be  associated  in  the 
usual  relation,  if  the  tracing  be  examined  through  a  number  of  beats  it 
will  be  seen  that  this  relationship  does  not  recur  with  any  constancy. 

Electrocardiograms  ( Fig.  271). — The  features  of  the  two  rhythms  can 
be  much  more  readily  demonstrated  in  electrocardiograms.  The  ventricu- 
lar systoles,  occurring  as  a  regular  rhythm,  are  marked  by  the  iZ-  and 
T-waves  of  the  normal  form  of  ventricular  complex.  This  indicates  that 
the  ventricular  rhythm  is  not  due  to  contractions  of  extrasystolic  type, 


r. 
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and  that  the  inherent  rhythm  of  the  ventricles  originates  well  up  in  the 
ventricular  conduction-system.     The  rhythm  of  the  atria,  as  evidenced  hy 


Fig.  271.— Elect iwa Id logram  Id  Coiuplcte  Iloart  Block.  The  VeDtilrnlar  Rbythm  Is  Shown 
b;  the  High,  Sbarp  A-WaTsa.  The  Smaller  Atrial  or  Aurlrular  WareB,  P,  can  be  Seen 
at  Regular  Intervals  on  the  Curve.  The  Twa  Rhythma  are  Absolutely  IndependeDt  of, 
One  Another.    The  r-Waves  are  Easily  Distinguishable  from  the  P-Waves. 

the  P-waves,  seems  to  be  superimposed  upon,  but  completely  dissociated 
from,  the  ventricular  rhythm. 

(6)    Intraventricular  Block 

Normally,  the  right  and  left  ventricles  are  stimulated  simultaneously 
through  the  two  branches  of  the  atrioventricular  bundle  of  His,  but,  in 
Eome  instances,  the  path  of  conduction  to  either  the  right  or  the  left  side 
may  lie  obstructed,  in  which  event,  the  stimulus  passes  to  one  ventricle  only 
and  is  thence  transmitted  through  the  muscular  wall  of  the  heart  to  the 
other  ventricle.  This  muscular  connection  between  the  two  ventricles  is, 
however,  so  intimate  that  no  asynehroniam  of  the  ventricles  can  be  demon- 
strated by  clinical  observation  of  the  heart  itself  or  by  any  of  the  simpler 
mechanical  methods  of  registration.  It  is  only  by  means  of  a  study  of  the 
electrical  variations  that  we  become  aware  of  this  change  in  the  form  of 
the  ventricular  contraction. 

Electrocardiograms (Eig.  272). — The  curve  in  intraventricular  block 
shows  a  regular  rbythm,  each  cycle  of  which  is  made  up  of  an  atrial  P- 
wave,  followed,  after  the  usual  interval,  by  a  ventricular  wave.  This  in- 
dicates that,  in  every  instance,  the  ventricular  contraction  is  the  result  of 
a  stimulus  conducted  from  the  atrium  after  the  preceding  atrial  systole. 
The  ventricular  part  of  the  curve,  however,  does  not  exhibit  the  features 
of  normal  supraventricular  stimulation,  but  is  of  the  form  produced  in 
heterogenetic  beats,  or  extrasystoles,  of  the  ventricle.  The  diphasic  wave  of 
an  extrasystole  of  ventricular  origin  is  explained  by  the  fact  that  a  hetero- 
genetic  heat  arises  in  the  wall  of  one  ventricle  and  is  thence  transmitted 
to  the  wall  of  the  other.  The  same  principle,  it  is  believed,  holds  good  for 
the  curve  seen  in  intraventricular  block,  the  stimulus  from  the  atrium  be- 
ing able  to  reach  one  ventricle  directly  and  not  the  other  owing  to  the 
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existence  of  an  obstructive  lesion  in  one  branch  of  the  bundle  of  His. 
We  have  seen  that  we  can  decide,  by  a  study  of  the  form  of  the  electrical 
curve  in  a  ventricular  extrasystole,  which  ventricle  la  first  stimulated ;  in 
intraventricular  block  we  can  also,  from  a  study  of  the  electrocardiogram, 


E^.  2T2. — ElectrocRrdlosram  from  a  ritlent  witb  b  L«elaD  of  One  Branch  of  tbe  Bundle  of 
HIb.  This  Peculiar  Farm  of  Elect rocardlograin  la  Obaervable  to  Partial  IfBlons  at  the 
Bundle  of  Hts.  The  Atria  <or  Auricles)  Contract  In  the  Usual  Manner  as  Shown  b; 
the  Normal  Form  of  P-Wave.  Each  Atrial  Wave,  however,  la  Followed  bj  the  Ventricular 
Complex  that  Is  Uauall;  Aaaoclateil  with  a  Ventricular  Eitraaystole.  This  Indicates 
that  though  the  VonlricleB  Receive  the  Impulse  Irom  Above.  One  Veatrlele  Contracts 
Before  the  Other,  as  In  an  Extras; stole.  This  PhenomcnoQ  Is  Expllcablo  bj  Aasumlag 
■  Lesion  of  the  Bundle  of  such  a  Sort  that  the  Stimulus  to  One  Side  Is  Blocked,  though 
that  to  the  Other  Is  Not.  In  the  Curve  Above,  the  Block  ts  In  the  Right  Ventricle  and 
the  Left  Ventticle  Contracts  First.     (Heart  Button,  J.  II.  H.) 

make  out  which  ventricle  contracted  first,  and  thus  locate  the  lesion  that 
causes  the  block  in  the  branch  of  the  bundle  on  the  opposite  side. 

Etiology  of  Heart  Block. — Heart  block  may  be  due  either  to  functional 
disturbance  (reflex  vagus  inhibition,  overdose  of  digitalis  or  strophantbin), 
or  to  organic  changes  in  the  His  bundle  (fatty  degeneration,  fibrosis, 
gumma,  atherosclerosis,  calcification,  tumor,  anemic  necrosis  from  throm- 
bosis, or  acute  inflammatory  infiltrations).  In  cases  that  have  come  to 
autopsy,  the  lesion  has  most  often  been  found  citlier  in  the  Asehoff-Tawara 
node,  or  in  the  main  trunk  of  the  bundle. 

In  1909,  Hirschfelder  and  I  reported  experiments  in  which  we  were 
able  in  animals  to  cut  one  branch  of  the  bundle  (Fig.  273). 

The  Adams-Stokes  Syndrome.— Eor  decades  it  has  been  known  that 
patients  with  marked  bradycardia  are  subject  to  characteristic  attacks  of 
fainting,  arrested  respiration,  and  epileptiform  convulsions.  The  s_\-ndrome 
was  described  in  1827  by  Adams,  and,  later  on,  also,  by  Stokca.  In  18fl7, 
His  observed  the  syndrome,  and  found  by  studies  of  the  venous  and 
arterial  pulse  that,  in  the  bradycardia,  the  atria  and  the  ventricles  were 
contracting  at  different  rates,  and  that  many  atrial  contractions  occurred 
without  any  corresponding  ventricular  contractions.  Ilis  gave  the  name 
"Heart  Block"  to  this  condition,  Hlook  in  animals  had  been  known  be- 
fore to  the  physiologists  Gaskell  (1883)  and  Engelmann.  The  whole 
subject  was  later  on  illuminated  by  the  brilliant  experimental  researches 
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of  Erlanger,  who,  in  Howell's  laboratory,  devised  an  ingenious  method 
by  which  all  forms  of  conduction  disturbance,  from  delay,  through  partial 
block,  to  total  block,  could  be  produced  experimentally.  It  seems  probable 
that  when  the  typical  syncopal  attacks  occur  in  human  beings  there  is  a 
sudden  change  from  partial  to  total  block. 

A  syncopal  attack  may  be  very  transient;  as  a  rule,  it  lasts  5  to  10 


BMs.  273.— WaU  of  the  Left  Vcatrlcle.  Showing  a  Cat  Througb  Alt  the  E 

Lett   Branch   of  the  Atrioventricular   Bandle.   which  Appear  Lighter   Ihan  the  Rest  of 
the  Elcart  MdbcIc.      (After  L.   F.  Barker  and  A.  D.  Illrachfelder,  Arch.   Int.   Med.) 

seconds.  Attacks  are  prone  to  occur  in  groups.  A  patient  may  be  free 
from  attacks  for  months  or  years,  tlieii  have  a  period  of  a  few  days  or 
weeks  in  which  single  attacks  or  groups  of  attacks  occur,  to  be  followed 
again  by  a  free  period.  The  number  of  attacks  varies  much.  Some  patients 
have  only  a  single  attack  in  a  month;  some  have  20  attacks  per  day; 
and  His  has  reported  a  case  in  which  a  patient  had  143  attacks  within 


856    DISEASES   OF   THE    OIKCULATOKY  APPARATUS 

twenty-four  hours.     The  pulse  is  usually  28-34  at  the  time  of  attacks; 
but  as  low  a  rate  as  8-17  per  minute  has  been  observed. 

Diagnosis  of  Heart  Block. — The  condition  may  be  suspected  clinically 
when  there  are  "dropped  beats,"  or  when  there  is  a  permanent  bradycardia 
of  high  grade,  or  if  the  patient  gives  a  history  of  syncopal  attacks.  But, 
to  make  an  accurate  diagnosis,  graphic  methods  are  essential.  Electro- 
cardiograms are  the  most  satisfactory,  but  if  they  are  unobtainable,  the 
condition  can  be  analyzed,  with  the  use  of  the  polygraph,  in  simulta- 
neously-recorded phlebograms  and  arteriograms  (see  above). 

In  addition  to  the  accurate  information  afforded  by  graphic  methods,  certain 
clinical  features  are  worthy  of  attention.  In  delayed  conductiotif  if  the  As-Vs 
intervals  be  long,  the  sounds  of  the  atrial  contractions  may  be  audible,  separate 
from  those  of  the  ventricular  contractions;  when  a  "reduplicated  first  sound"  is 
audible,  or  when  a  "double  second  sound"  can  be  heard,  the  possibility  of  delayed 
conduction  should  be  kept  in  mind. 

In  cases  where  single  heats  are  "dropped,^'  the  phenomenon  may  be  due  either 
to  a  silence  of  the  whole  heart  (sinus  irr^ularity)  or  to  a  ventricular  silence  after 
an  atrial  contraction;  in  the  latter  instance,  the  dropped  beat  is  not  regularly 
associated  with  a  definite  respiratory  phase. 

In  2:1  heart  block,  the  ventricular  rate  is  usually  between  40  and  50  per  minute. 
When  this  occurs  in  mitral  stenosis,  there  may  be  two  thrills  and  two  diastolic 
murmurs  (due  to  atrial  contraction)  for  each  single  ventricular  cycle  (T.  Lewis). 

In  complete  heart  block,  the  pulse  rate  is  often  quite  regular  at  a  rate  of  28-34 
per  minute.  Listening  over  the  heart,  a  first  and  a  second  sound  are  audible  for 
each  ventricular  beat,  but  on  listening  attentively,  faint  muffled  sounds,  due  to 
atrial  systoles,  may  be  heard  in  the  long  diastoles.  Moreover,  waves  synchronous 
with  the  atrial  systoles  may  be  visible  in  the  jugular  veins. 

It  should,  of  course,  be  emphasized  that  heart  block  and  the  Adams-Stokes' 
syndrome  are  not  synonymous  terms;  "the  majority  of  patients  who  exhibit  heart 
block  never  have  fits"  (T.  Lewis).  I  have  observed  one  patient  who  has  had  com- 
plete heart  block  for  years  without  syncopal  attacks;  in  addition  to  his  regular 
ventricular  automatic  rhythm,  he  has  many  ventricular  eztrasystoles. 
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B.    Circulatory  Insufficiency 

The  circulation  may  become  insufficient,  either  through  failure  of  the 
motor  (myocardial  insufficiency)  or  through  failure  of  contraction  of  the 
peripheral  arterioles  (vasomotor  paralysis). 

In  myocardial  insufficiency,  the  reserve  force  of  the  heart  is  the  first 
to  suflFer;  the  heart  may  do  its  work  fairly  well  when  the  body  is  at  rest, 
but  it  is  unable  to  meet  the  extra  demands  for  work  that  muscular 
effort  throws  upon  it     It  loses  its  "power  of  accommodation/' 

Myocardial  insufficiency  is  usually  responsible  for  chronic  insufficiency 
of  the  circtdation. 

In  acute  infectious  diseases,  vasomotor  paralysis  is  most  often  the  cause 
of  the  acute  insufficiency  of  the  circulation  that  sometimes  develops ;  it 
was  formerly  believed  to  be  due  to  '*heart  failure."  ^  An  acute  insufficiency 
of  the  circulation  may,  however,  occasionally  be  due  to  acute  dilatation  of 
the  heart  from  myocardial  injury  following  overexertion  or  intoxications. 

In  order  that  the  blood  pressure  may  be  kept  sufficiently  high,  two  fac- 
tors are  necessary:  (1)  a  sufficient  amount  of  blood  must  be  expelled  into 
the  aorta,  the  minute-volume  here  depending  upon  (a)  the  systolic  output 
and  (b)  the  frequency  of  ventricular  contraction;  and  (2)  a  sufficient 
peripheral  resistance  must  be  maintained  through  contraction  of  the 
arterial  musculature  under  the  influence  of  the  vasomotor  nerves. 

In  the  processes  of  "compensation,"  therefore,  delicate  adjustments 
have  to  be  made  between  the  minute-volume  on  the  one  hand  and  the 
peripheral  resistance  on  the  other.  In  a  given  case  of  circulatory  insuffi- 
ciency, it  may  be  very  difficult  to  decide  in  how  far  each  of  the  several 
factors  concerned  in  the  maintenance  of  the  circulation  under  normal 
circumstances  may  be  involved.  Now  that  we  have  begun  to  realize, 
through  the  researches  of  K.  Hasebroek  and  others,  the  active  part  played 
by  the  muscle  of  the  arteries,  not  only  in  the  regulation  of  the  peripheral 
resistance  and  the  distribution  of  the  blood,  but  also  in  supplying  a  part 
of  the  driving  energy  of  the  circulation,  the  difficulty  increases. 

1.    Chronic  Circulatory  Insufficiency 

Definition. — This  is  a  condition  in  which  the  power  of  accommodation 
of  the  heart  is  impaired  or  lost ;  in  the  milder  cases,  the  reserve  force  of 
the  heart  is  lessened ;  in  the  severer  cases,  the  heart  is  unequal  to  the  tasks 
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thrown  upon  it  even  when  the  patient  is  completely  at  rest — the  state  of 
"decompensation"  exists. 

Etiology. — The  causes  of  chronic  circulatory  insuflSciency  lie  either 
in  the  heart  itself  (organic  diseases  of  this  organ,  especially  of  the  myo- 
cardium), or  in  disturbances  of  the  heart  secondary  to  diseases  elsewhere 
in  the  body  (e,  g.,  atherosclerosis,  chronic  nephropathies,  thyreointoxica- 
tions,  pulmonary  emphysema). 

The  varied  causes  of  chronic  circulatory  insufficiency  may  well  be  considered 
in  relation  to  their  effect  upon  the  heart.  To  one  class  of  etiological  factors  the 
heart  shows  little  or  sUght  adaptative  reaction;  myocardial  insufficiency  is  primary 
and  myocardial  hypertrophy  is  absent  or  but  imperfectly  developed.  In  a  second 
type  of  case,  however,  the  stage  of  circulatory  insufficiency  is  preceded  by  a 
period  in  which,  by  hypertrophy,  the  heart  has  remained  competent  in  the  pres- 
ence  of  conditions  that  increased  its  work  above  normal  limits. 

To  the  first  class  belong  those  cases  in  which  progressive  circulatory  insuffi- 
ciency develops  as  a  result  of  some  toxic  action,  as  in  hyperthyroidism,  or  in  infec- 
tious diseases  such  as  typhoid  fever.  Here  also  should  be  classed  the  gradually 
developing  circulatory  insufficiency  seen  in  acute  endocarditis,  and  in  acute  myo- 
carditis. The  more  active  cases  of  luetic  aortic  insufficiency  show  this  same 
tendency  to  progressive  myocardial  failure,  the  compensatory  h3rpertrophy  being 
unable  to  keep  pace  with  the  development  of  the  valvular  lesion.  In  the  so-caUed 
''fatty  heart,"  and  in  the  senile  fibroses  of  the  myocardium,  a  slower,  but  similarly 
unchecked,  inarch  of  events  takes  place. 

In  certain  of  the  above  cases  the  heart  may  recover  upon  the  disappearance 
of  the  cause  of  myocardial  failure.  Apparently,  normal  function  may  be  re- 
gained, or  a  chronic  valvular  or  myocardial  lesion  may  remain  against  which  the 
heart  protects  itself  by  adaptative  reactions. 

The  second  class  of  causes  of  circulatory  insufficiency  includes  those  whose 
nature  is  such  as  to  place  an  extra  burden  of  work  upon  the  heart.  Insufficiencies 
and  stenoses  of  the  cardiac  valves;  pericardial  adhesions;  hypertension  of  nephritic 
or  atherosclerotic  origin;  increased  resistance  in  the  pulmonary  circulation  due 
to  fibrosis  of  the  lungs  or  to  emphysema;  increase  in  the  volume  of  blood,  plethora 
vera.  At  first,  in  all  these  cases,  the  extra  demands  made  upon  the  heart  are  met 
by  hypertrophy  of  one  or  both  sides  of  the  organ,  but  as  increasing  age  tends  to 
multiply  these  burdens,  the  reserve  power  of  the  heart  becomes  ever  smaller. 

Symptoms. — These  vary  greatly  in  single  cases,  for  reasons  which  we 
do  not  as  yet  know.  The  stasis  in  the  several  organs  varies,  and  the  resist- 
ance to  stasis  by  the  organs  seems  also  to  be  an  individual  affair. 

Of  the  SUBJECTIVE  SYMPTOMS  Complained  of,  dyspnea,  distress  in  the 
region  of  the  heart  or  liver,  digestive  disturbances,  and  abnormal  feelings 
in  the  head  are  most  common.     Cough  is  a  very  common  symptom. 

Dyspnea  is  the  most  coustaut  symptom,  being  noticed  first  on  exer- 
tion. In  severer  cases,  paroxysmal  attacks  of  dyspnea — ^the  so-called  "car- 
diac asthma" — may  be  very  disturbing;  they  point  to  a  failing  left  ven- 
tricle, and,  sometimes,  herald  the  onset  of  pulmonary  edema. 

Distress  in  the  region  of  the  heart  may  cause  considerable  suffering. 
It  seems  to  be  due  either  to  dilatation  of  the  ventricles  or  to  anemia  of 
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the  cardiac  muscle,  either  of  which  can  give  rise  to  "referred  pain."  Out- 
si)oken  stenocardiac  attacks,  or  angina  pectoris,  point  to  sclerosis  of  the 
coronary  vessels. 

Pain,  or  soreness,  in  the  right  hypochondriura  is  probably  due  to  the 
stretching  of  Glisson's  capsule,  as  the  liver  enlarges,  owing  to  chronic 
passive  congestion. 

The  digestive  disturbances  are  doubtless  due  chiefly  to  stasis  in  the 
venous  system.  They  include  anorexia,  bloating  after  eating,  and  con- 
stipation.   Vomiting  and  diarrhea  are  frequently  present. 

Abnormal  feelings  in  the  head  include  headaches  and  dizziness. 
Many  patients  complain  that  they  cannot  concentrate  their  minds  prop- 
erly and  that  they  feel  depressed. 

Of  the  OBJECTIVE  FINDINGS,  may  be  mentioned  (1)  changes  in  the 
heart  itself  and  (2)  stasis  phenomena  elsewhere  in  the  body. 

In  the  heart,  the  signs  of  hypertrophy^  of  dilatatiouy  or  of  both  are 
present  {q.  t\).  These  are  easily  made  out  by  physical  methods  and  by 
x-ray  examinations.  Changes  in  pulse  rate  are  nearly  always  met  with 
and  arhythmia  is  common.  In  many  cases,  evidences  of  valvula?  lesion 
are  present. 

Of  the  stasis  phenomenay  the  commonest  are  edema,  oliguria  (with 
albuminuria  and  cylindruria),  cyanosis  (with  tachypnea  and  dyspnea), 
and  palpable  enlargement  of  the  liver  and,  sometimes,  of  the  spleen. 
Soon,  or  later,  signs  of  edema  of  the  lungs  appear,  and  we  can  make  out 
dullness  at  the  bases,  rales,  and  diminution  of  the  breath  sounds.  The 
sputum  contains  "heart-failure  cells.^' 

The  edema  of  cardiac  decompensation  shows  the  effects  of  gravity,  be- 
ing most  marked  in  dependent  parts.  Patients  that  are  up  and  about 
show  it,  first,  at  the  ankles,  about  the  malleoli ;  those  that  lie  in  bed  may 
manifest  it  over  the  sacrum  or  in  the  backs  of  the  thighs.  Sometimes  the 
scrotum  is  very  edematous.  In  contrast  with  edema  of  renal  origin,  the 
face  is  less  affected  than  the  extremities.  As  the  circulatory  insufficiency 
develops,  general  anasarca  may  appear,  with  dropsy  of  the  serous  cavities. 
Sometimes,  a  hydrothorax  or  an  ascites  may  precede  the  subcutaneous 
edema. 

The  oliguria  is  one  sign  of  a  stasis  nephropathy;  other  urinary  changes 
include  a  high  color  and  high  specific  gravity  and  the  presence  of  albumin 
and  casts.  Formerly  there  was  difficulty  in  distinguishing  such  a  stasis 
nephropathy  secondary  to  chronic  circulatory  insufficiency  from  other 
nephropathies,  but  with  the  use  of  the  renal  test  diet  (q.  v.)  and  of  func- 
tional tests,  differentiation  is  easier. 

Cyanosis  of  the  lips,  cheeks,  and  other  acra  (fingers,  toes)  is  often 
present.  It  is  due  to  venous  stasis,  and  is  often  associated  with  polycy- 
themia rubra  (q.  v.)  and  increased  viscosity  of  the  blood.  The  respiratory 
rate  is  increased  (tachypnea)  and  the  respirations  are  labored  (dyspnea)  j 
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often  the  patient  is  compelled  to  sit  up  in  bed,  or  to  be  propped  up,  through 
the  night,  a  condition  known  as  orthopnea.  In  such  cases,  besides  lung- 
stasis,  the  possibility  of  hydrothorax  should  be  kept  in  mind.  Cheyne- 
Stokes^  breathing  is  not  uncommon.  Acute  edema  of  the  lungs  is  rarely 
seen  in  chronic  myocardial  insufficiency  except  as  a  terminal  phenomenon. 
The  swelling  of  the  liver,  due  to  chronic  passive  congestion,  often  be- 
comes demonstrable,  by  palpation,  early.  The  lower  edge  may  be  felt  below 
the  costal  margin,  the  consistence  is  firm,  and  the  organ  is  tender.  In 
advanced  cases,  the  liver  edge  may  be  as  low  as  the  umbilicus.  The  en- 
largement of  the  liver  may  also  extend  upward,  dislocating  the  diaphragm 
(percussion,  rontgenoscopy).  Occasionally,  there  is  slight  icterus.  The 
spleen  may,  or  may  not,  be  palpable. 

The  actual  onset  of  the  chronic  circulatory  insufficiency  may  be  gradual,  or 
it  may  follow  as  a  direct  sequel  of  an  acute  decompensation  of  the  heart  due  to 
sudden  demands  in  excess  of  its  reserve  power.  In  either  case,  if  the  causal 
condition  is  not  of  a  rapidly  progressive  nature,  or  if  the  damage  done  is  not 
already  too  extensive,  the  freeing  of  the  heart  from  all  imnecessary  work  may 
allow  it  to  become  competent  again,  temporarily.  Chronic  circulatory  insuffi- 
ciency, in  these  cases,  is,  characteristically,  a  disease  of  remissions. 

Patients  in  whom  the  onset  is  gradual  often  present,  over  a  long  period  of 
time,  the  clinical  picture  of  a  milder  grade  op  relative  cardiac  ixsufpicienct. 
Such  patients  notice  shortness  of  breath  on  slight  exertion,  or  after  eating  a  heavy 
meal.  They  may  wake  suddenly  at  night  with  a  choking  sensation,  which  passes  off 
when  they  sit  up.  A  chronic  cough  often  develops;  this  may  occur  in  paroxysms. 
A  feehng  of  oppression,  or  even  of  pain,  in  the  cardiac  region  is  frequently  noted. 
Sudden  exertion,  or  change  in  position,  causes  marked  dizziness.  Sooner  or  later  the 
patients  usually  discover  the  presence  of  some  edema  about  the  ankles,  appearing 
toward  the  end  of  the  day.  In  appearance,  they  are  often  shghtly  cyanotic. 
Traces  of  breathlessness  may  show  in  their  speech,  and  a  nervous  manner  is  not 
uncommon.  The  findings  upon  examination  of  the  heart  will  depend  upon  the 
condition  responsible  for  the  myocardial  insufficiency.  Hypertrophy  may  or  may 
not  be  present,  but  a  moderate  dilatation  of  one  side  of  the  heart  is  a  frequent 
finding.  Evidence  of  organic  valvular  lesions  may  be  preseiit.  A  relative  insuf- 
ficiency of  the  mitral  valve  is  common.  The  rhythm  may  be  regular  but  it  is  more 
usual  to  find  some  extrasystolic  arhythmia,  or  a  gallop-rhythm  at  the  apex  (espe- 
cially in  nephritic  hearts).  Some  degree  of  tachycardia  is  the  rule.  The  blood 
pressure  will  depend  largely  upon  the  condition  to  which  the  cardiac  signs  are 
primarily  due.  At  the  base  of  the  lungs,  posteriorly,  a  slight  impairment  of  the 
percussion  note  may  be  found,  along  with  a  few  moist  rales.  A  palpable,  tender 
liver-margin,  when  present,  is  a  valuable  confirmatory  sign.  A  trace  of  albumin 
and  occasional  casts  in  the  urine  are  to  be  expected  as  a  result  of  renal  stasis. 
The  edema  of  the  lower  extremities  may  be  very  slight  or  absent.  It  should  be 
carefully  looked  for;  it  is  often  earliest  discovered  over  the  lower  end  of  the  tibia 
or  behind  the  malleoli.  It  may  be  more  marked  on  the  left  leg.  The  pitting  of 
the  tissue  on  pressure  is  characteristic. 

The  clinical  picture  of  complete  cardiac  decompensation  is  a  far  more  strik- 
ing one.  The  dyspnea  reaches  higher  grades;  the  patient  must  remain  constantly 
in  the  sitting  position  (orthopnea) ;  during  the  frequent  pseudo-asthmatic  attacks, 
the  accessory  respiratory  muscles  are  all  brought  into  play,  the  nostrils  dilate, 
the  countenance  is  livid,  the  extremities  cold,  and  cold  perspiration  appears  on  the 
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forehead.  There  is  often  Cheyne-Stokes  respiration.  ^Dough  is  frequent  and 
exhausting.  The  edema  is  usually  very  marked.  The  legs,  the  external  genitalia, 
the  abdominal  wall,  and  the  lower  back,  are  greatly  swollen.  The  hands  and  arms 
may  be  likewise  involved.  The  face  is  often  spared,  but  infra-orbital  edema  and 
chemosis  are  common.  The  edema  shifts,  with  changes  of  position  of  the  patient, 
to  the  dependent  parts.  In  cases  of  long  standing,  a  distinct  icteric  color  of  the 
skin  and  conjunctivae  is  often  present.  Cyanosis  is  variable  in  degree.  A  marked 
pallor  characterizes  many  cases.  The  heart  is  dilated;  the  apex  impulse  is  diffuse 
and  wavy;  the  right  and  left  cardiac  borders  are  displaced  lateralward.  The  heart 
sounds  are  blurred  and  softened.  If  murmurs  of  organic  valvular  disease  were 
previously  present,  they  have  usually  grown  much  fainter,  or  have  disappeared. 
Blowing  murmurs  of  relative  mitral  and  tricuspid  insufficiency  may  be  detected. 
Marked  disturbances  in  the  cardiac  rhythm  are  the  rule ;  of  these  the  most  common 
are  those  due  to  auricular  fibrillation  or  to  extrasystoles.  The  heart  rate  is  rapid 
and  varies  with  changes  in  the  patient's  condition  (100-140).  The  pulse  is  often 
difficult  .to  count,  since  many  beats  do  not  reach  the  wrist  ("pulse-deficit")  and 
the  volume  is  small.  The  blood  pressure  is  usually  lowered.  There  occur  cases, 
however,  in  which  a  rise  in  blood  pressure  accompanies  decompensation  of  the 
heart.  This  is,  occasionally,  strikingly  evident  in  cases  of  aortic  insufficiency  of 
luetic  origin,  and  in  cases  of  hypertensive  renal  disease.  Engorgement  of  veins 
in  the  neck,  and  the  systolic  venous  wave,  due  to  tricuspid  insufficiency,  may  be 
observed. 

Throughout  the  body,  functional  disturbances  and  physical  signs  appear, 
indicative  of  the  effects  of  passive  congestion  upon  the  viscera.  The  bases  of  the 
lungs  show  impaired  resonance,  the  breath  sounds  are  diminished,  and  crackling 
rales  are  heard.  The  sputum  may  be  tinged  yellowish-brown.  Right-sided,  or 
bilateral,  hydrothorax  is  common.  In  cases  of  long  standing, -infarcts  of  the  lung, 
often  of  considerable  extent,  should  be  watched  for;  they  may  develop  with  out- 
spoken symptoms  and  signs,  or  may  be  cryptic.  Whenever,  in  such  a  case,  obscure 
signs  of  consolidation,  accompanied  by  pleural  friction,  appear  over  a  lower  lobe, 
infarction  should  be  suspected.  Terminal  bronchopneumonias  are  common.  Hydro- 
pericardium  is  more  frequently  present  than  detected.  Only  careful  daily  obser- 
vation of  the  outline  of  cardiac  dullness  and  of  the  intensity  of  the  heart  sounds 
enables  the  physician  to  appreciate  the  appearance  of  this  complication.  The 
enlarged  liver,  tender  especially  in  the  earher  stages,  may  extend  below  the  level 
of  the  umbilicus.  The  surface  is  smooth.  When  the  edge  can  be  grasped  and  pul- 
sation felt,  the  diagnosis  of  tricuspid  insufficiency  is  certain.  Pain,  due  to  hepatic 
distention,  is,  in  some  cases,  a  very  prominent  symptom.  The  congestion  of  the 
walls  of  the  stomach  and  small  intestine  gives  rise  to  many  gastro-intestinal  symp- 
toms. The  commonest  of  these  are  anorexia  and  constipation.  Belching  and 
flatulence,  meteorism,  and  persistent  vomiting,  may  all  occur.  In  extreme  conges- 
tion, hemorrhage  per  diapedesis  occurs  in  tiie  intestine,  and  the  stools  contain 
macroscopic  blood.  An  acute  cohtis  is,  not  infrequently,  a  terminal  infection. 
The  abdominal  cavity,  in  all  severe  cases  of  myocardial  insufficiency  with  edema, 
contains  an  excess  of  peritoneal  fluid;  but  it  is  often  difficult  to  detect  this 
fluid  until  the  amount  is  very  considerable.  The  urine  is  scanty  (300-700  c.c), 
usually  high-colored  and  of  high  specific  gravity.  Albumin,  hyaline  and  granular 
casts,  and  a  few  red  blood-cells  are  found.  In  addition  to  the  stasis-kidney,  the 
presence  of  an  underlying  nephritis,  should  it  exist,  may  be  discoverable  only  by 
means  of  a  careful  study  of  the  renal  function  (g.  v.)  and  by  the  presence  of  the 
extrarenal  features  of  this  disease.  Psychical  symptoms  are  common  in  myo- 
cardial insufficiency,  and  may  closely  resemble  those  seen  in  uremia.  Nocturnal 
delirium  and  restlessness  may  necessitate  a  close  watch  over  the  patient. 
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The  dittgnoais  of  chronic  circulatory  insufficiency  should  always  be  considered 
by  the  physician  as  only  the  first  step  in  his  attempt  at  a  complete  understanding 
of  the  case.  Only  after  he  has  discovered  the  underlying  cause  of  the  myocardial 
failure  will  he  be  able  to  employ  rational  therapeutic  measures^  or  to  offer  a  logical 
opinion  as  to  the  prognosis. 

Course  of  Myocardial  Insufficiency. — All  depends  upon  (1)  the  cause, 
and  (2)  the  management.  If  the  cause  be  removable,  or  if  the  injury 
to  the  heart  muscle  be  relatively  slight,  brilliant  results  can  be  obtained 
from  therapy.  Even  in  the  severer  forms  of  myocardial  insufficiency  judi- 
cious management  may  achieve  most  gratifying  results  over  a  long  period. 
Sudden  death  may,  occasionally,  occur  from  coronary  disease,  or,  more 
rarely,  from  pulmonary  edema.  In  slow  cardiac  death,  the  stasis  phe- 
nomena increase,  atrial  fibrillation  is  common,  and,  at  the  end,  a  pneu- 
monia, or  some  other  infection,  may  supervene. 

Diagnosis  of  Chronic  Circnlatory  Insufficiency. — The  existence  of  the 
insufficiency  of  the  circulation  is  easily  made  out  from  the  symptoms  and 
signs  described  above.  But  the  diagnosis  of  the  underlying  cause  and 
of  the  exact  pathological  anatomy  and  physiology  may  be  exceedingly  diffi- 
cult. Each  case  should  be  exhaustively  studied  by  physical  and  graphic 
methods,  and  the  study  should  not  be  confined  to  the  circulatory  organs 
but  should  include  all  the  systems  of  the  body. 

In  the  milder  grades  (relative  insufficiency) y  symptoms  appear  only 
on  exertion,  and  the  clews  to  diagnosis  have  to  be  gained  largely  from  the 
anamnesis  and  from  functional  tests  of  capacity.  In  the  severer  grades 
(absolute  insufficiency) y  the  diagnosis  "leaps  to  the  eyes";  the  dyspnea, 
the  cyanosis,  the  edema,  the  abnormalities  of  the  pulse,  the  changes  in  the 
heart,  and  the  swollen,  tender  liver  leave,  as  a  rule,  no  room  for  doubt.  In 
every  case,  besides  confirming  the  signs  of  the  circulatory  insufficiency,  an 
attempt  should  be  made  to  explain  its  pathogenesis,  in  order  that  the 
therapy  may  be  intelligently  planned. 
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2.    Acute  Circulatory  Insufficiency 

Deflnition. — A  state  in  which  there  is  a  sudden  development,  within 
a  few  minutes  or  a  few  hours,  of  symptoms  pointing  to  vasomotor  paralysis, 
to  acute  myocardial  insufficiency,  or  to  both. 

Etiology. — The  commonest  cause  of  acute  circulatory  insufficiency  is 
intoxication  of  the  vasomotor  center,  with  vasomotor  paralysis,  in  acute  in- 
fectious processes  (e.  g.,  in  pneumonia,  sepsis,  typhoid).  Sometimes,  a 
sudden  injury  to  the  cardiac  muscle  may  be  responsible  as  in  infections 
like  diphtheria,  in  coronary  embolism  or  thrombosis,  or  in  violent  over- 
exertion (acute  overstrain  of  the  heart  of  athletes) ;  in  many  of  these  cases, 
however,  the  heart  muscle,  supposedly  healthy,  has  been  the  site,  earlier, 
of  a  chronic  inflammatory  or  degenerative  process. 

Symptoms — These  are  exceedingly  variable,  depending  upon  the 
cause.  In  the  rapidly  developing  vasomotor  paraxysis  of  acute  infections, 
there  is  sudden  collapse,  the  blood  pressure  (both  maximal  and  minimal) 
falls,  the  pulse  becomes  dicrotic,  sometimes  monocrotic,  the  pulse  is  accel- 
erated, and  the  vessel  feels  empty ;  the  skin  is  pale,  cool,  and  often  bathed 
in  cold  sweat;  the  patient  is  prostrated,  often  delirious  or  comatose.  The 
heart's  action  may  still  be  regular,  and  there  is  no  overfilling  of  the  veins — 
in  marked  contrast  with  myocardial  insufficiency. 

In  ACVTB  DILATATION  OF  THE  HEART  in  acutc  infcctious,  or  after  violent 
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overexertion,  the  veins  become  overfull  and  the  increase  in  the  size  of  the 
heart  can  be  made  out  by  percussion  and  by  rontgenoscopy.  The  right 
margin  of  the  heart  is  often  rapidly  displaced  to  the  right  as  the  right 
ventricle  dilates.  Stasis  phenomena  quickly  appear  (crackles  at  the  bases 
of  the  lung;  swelling  of  the  liver;  scanty,  high-colored,  t^lbuminous  urine). 
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C.    Reparative  and  Adaptive  Processes  in 

tlie  Heart 

The  heart  muscle  undergoes  hypertrophy  in  adapting  itself  to  in- 
creased work.  The  wall  of  the  ventricle  may  become  twice  as  thick  as  nor- 
mal. The  thickening  is  due  to  enlargement  of  the  individual  fibers,  not  to 
a  multiplication  of  them.  When  the  chambers  of  the  heart  undergo  dilator 
tioUy  this  is  due  to  the  increased  amount  of  blood  that  they  are  forced  to 
contain.  Dilatation  is  closely  related  to  the  function  of  tonicity  of  the 
heart  muscle ;  it  is,  in  some  cases,  a  cardiac  hypotony. 
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The  heart,  as  a  whole,  may  be  enlarged  from  ditatation,  from  hyper- 
trophy, or  from  both ;  hut,  more  often,  one,  or  two,  of  its  chambers  will  be 
found  enlarged  alone,  or  more  than  the  other  chambers. 

1.    Hypertrophies  of  the  Heart 

(a)    Hypertrophy  of  the  Left  Ventricle 
Physical  Sigiu. — Here  we  see  displacement  of  the  apex  beat  downward 
and  lateralward.    The  impulse  is  stronger  and  more  heaving  than  normal. 
There  is  no  marked  change  in  the  cardiac  dullness  unless  there  is  dilatation 


1  Hypertrophy  of  the  Lefl  Venlrlde.     Derivations  I,  II.  *^i 

rharerterlMlc  Feature.  In  (bin  CondltloD.  Is  tb«  iDTenlm  d 
lum  DerlratLon  I   to  Dcrlvatlona  II  and  III. 
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as  well  as  hypertrophy.  Sooner  or  later,  however,  the  dilatation  accom- 
panying the  hypertrophy  gives  rise  to  an  enlargement  perceptible  on  per- 
cussion. On  x-ray  examination,  the  heart  occupies  a  more  horizontal  posi- 
tion than  normal,  the  third  curve  on  the  left  side  projects  prominently,  and 
the  apex  looks  rounded  and  plump.  The  condition  is  often  associated 
with  arterial  hypertension  and  with  an  accentuated  aortic  second  sound. 
The  electrocardiograms  are  characteristic. 

Etiology. — The  more  important  etiological  factors  include:  (1)  in- 
creased work  due  to  valvular  disease  (most  marked  in  aortic  insufficiency 
and  in  aortic  stenosis)  ;  (2)  arterial  hypertension  in  prolonged  muscular 
overexertion  (athlete's  heart),  in  pregnancy,  in  nephritis,  in  some  cases 
of  arteriosclerosis,  and  in  plethora  vera;  (3)  sometimes  'idiopathic"  (no 
cause  being  ascertainable). 

(b)    Hypertrophy  of  the  Right  Ventricle 

Phjrsical  Signs. — The  apex  beat  is  not  more  forcible  than  normal,  but 
is  rather  diffuse,  and  is  displaced  to  the  left  rather  than  downward.  Rotary 
undulation  is  often  visible  in  the  precordium.  The  superficial  and  the 
deep  areas  of  cardiac  dullness  are  widened,  especially  to  the  right  (due 
to  accompanying  dilatation).    The  pulmonary  second  sound  is  accentuated. 

On  x-ray  examination,  the  "median  position''  of  the  heart  is  striking; 
and  there  may  be  noticeable  projection  of  the  lower  of  the  two  curves  on 
the  right,  often  due  in  part  to  accompanying  dilatation  of  the  right 
atrium.  The  pulse  may  be  but  little  changed.  The  maximal  blood  pres- 
sure is  often  low. 

Etiology. — This  hypertrophy  may  be  the  result  of  various  causes, 
including:  (1)  organic  valvular  disease,  especially  mitral  disease,  and  (2) 
obstructions  in  the  pulmonary  system  (stenosis  of  the  pulmonary  artery, 
emphysema,  kyphoscoliosis,  chronic  bronchitis,  arteriosclerosis  of  the  pul- 
monary vessels).  Hypertrophy  and  dilatation  of  the  right  ventricle 
accompany  (3)  insufficiency  of  the  pulmonary  valves  and  (4)  tricuspid- 
valve  lesions.  In  (5)  congenital  anomalies  (patent  ductus  Botalli  and 
patent  foramen  ovale),  the  right  ventricle  hypertrophies. 

(c)    Atrial  Hypertrophy 

The  walls  of  the  atria  may  also  hypertrophy,  in  which  case  an  exag- 
gerated a-wave  may  be  seen  upon  the  jugular  plebogram  (right  atrium), 
or  upon  the  esophageal  cardiogram  (left  atrium).  The  high  P-wave  in 
the  electrocardiogram  of  mitral  stenosis  believed  to  be  associated  with 
atrial  hypertrophy. 
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PlfT-  SIB. — ElectroctrdtOKram  In  Hrpertropbr  o(  the  Atrit  (or  Anriclefl).  Tbe  Cb*r«ct*rlBtk 
FeatDre  ot  tbli  Electrockrdlograin  U  the  Compantlre  Slie  ftud  Height  ot  the  P-Wavc 
It  IB  Alinoit  Doable  that  ot  tbe  Nanual  P-Wave. 


5°.     Philadd-phia  & 


2.    Dilatation  o(  the  Heart  (Failure  o[  Tonicity) 

The  heart  is  limited  in  its  power  of  adaptation  by  hypertrophy.  Sooner 
or  later,  disturbances  appear  (decompensation  due  to  myocardial  insuffi- 
ciency). When  the  left  ventricle  is  weak,  the  blood  will  tend  to  be 
dammed  back  upon  the  lungs ;  when  the  right  ventricle  weakens,  chronic 
passive  congestion  in  the  veins  of  the  body  sets  in. 

As  the  heart  muscle  weakenB,  the  cavities  surrounded  by  it  dilate 
(dilatation  of  the  heart  from  failure  of  tonicity).  Hypertrophy  of  the 
heart,  by  itself,  causes  very  little  increase  in  the  size  of  the  heart  demon- 
strable by  physical  methods ;  when  the  areas  of  cardiac  dullness  are  in- 
creased from  enlargement  of  the  heart,  or  when  on  x-ray  examination  a 
larger  volume  than  normal  is  visible,  dilatation  exists.  The  areas  of  per- 
cussion dullness  and  the  fluoroscopic  views  (as  orthodiagrams)  are  char- 
acteristic for  dilatation  of  the  single  heart  chambers  {q.  v.).  Arhythmia 
ie  common.  The  dilatation  may  involve  all  four  cavities  simultaneously; 
usually,  however,  either  the  left  heart  or  the  right  heart  is  predominantly 
affected. 
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Causes  of  Dilatation. — (a)  In  the  heabt  musolb  itself: 

(1)  From  recurring  inflammations  in  the  heart  muscle,  espe- 

cially those  involving  the  conduction  system ;  or 

(2)  From  chronic  intoxications  (bacterial,  alcohol,  caffein,  nico- 

tin). 

(3)  From  multiple  infarctions  (due  to  emboli,  or  to  thrombosis)  ; 
(b)  Outside  the  heart  muscle.     The  hypertrophic  myocardium 

may  fail  on  account  of  too  great  disproportion  between 
the  force  of  the  heart  and  the  resistance  to  be  overcome. 
This  disproportion  may  arise: 

(1)  At   the   cardiac   orifices    (from   organic   changes    in    the 

valves) ;  or 

(2)  in  the  peripheral  vascular  system  (general  or  pulmonary), 

from  bodily  overexertion,  from  infections,  from  arterio- 
sclerosis, or  from  nephritis. 
The  real  cause  of  dilatation,  however,  if  there  is  not  an  actual  leak 
back  from  the  arteries,  lies  in  overfilling  of  the  heart  from  high  venous 
pressure. 

The  symptoms  are  those  of  chronic  circulatory  insufficiency  (g.  v.). 
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D.    The  Inflammatory  Cardiopathies 

These  may  be  acute  or  chronic,  and  may  involve  the  endocardium,  the 
myocardium,  or  the  pericardium.  When  all  three  are  simultaneously  in- 
volved, we  speak  of  a  carditis  or  of  a  paiv-carditis. 

1.    Endocarditis 

Definition. — An  inflammation  of  the  lining  membrane  of  the  heart. 
Etiology. — In  the  majority  of  cases,  if  not  in  all,  the  cause  lies  in 
bacterial  infection,  though  a  toxemia  may  predispose  to  localization  of 
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the  bacteria  on  the  endocardium.  The  bacteria  get  into  the  blood  stream 
from  some  primary  focus  of  infection  (tonsils,  teeth,  paranasal  sinuses, 
urethra,  lung,  etc.).  Any  one  of  several  bacterial  forms  may  set  up  an 
endocarditis.  That  most  frequently  responsible  is  the  vixus  of  acute  rheu- 
matic fever,  the  Streptococcus  rheumaticus;  but  the  Streptococcus  hemo- 
lyticus,  the  Pn^umococcus,  the  Streptococcus  viridans,  the  Gonococcus, 
the  Staphylococcus  aureus,  or  the  Bacillus  influenzae,  may  be  responsible. 
Less  common  agents  are  the  meningococcus,  the  typhoid  bacillus,  and  the 
colon  bacillus.  Endocarditis  has  been  experimentally  produced  by  inject- 
ing bacteria  into  the  blood  stream  after  mechanical  injury  to  the  heart 
valves. 

Pathology. — ^Endocarditis  may  follow  an  acute,  a  subacute,  or  a  chronic 
course.  The  left  side  of  the  heart  is  much  more  often  involved  than  the 
right  The  membrane  over  the  valves  is  most  often  involved  {valvular 
endocarditis)  ;  or  the  localization  may  be  chiefly  elsewhere,  say  on  the 
chordae  tendineae  {chordal  endocarditis),  on  on  the  walls  of  the  atria  or 
ventricle  (parietal,  or  mural,  endocarditis).  The  mitral  valve  is  most 
frequently  involved  (60  per  cent  of  the  cases),  the  mitral  and  aortic  to- 
gether (30  per  cent  of  the  cases),  aortic  alone  (3  per  cent  of  the  cases), 
tricuspid  or  pulmonary  alone  very  rarely. 

(a)    Acute  Endocarditis 

Varieties. — Acute  endocarditis  may  be  classified  on  an  etiological  basis 
(rheumatic,  gonococcal,  etc.),  or  on  a  pathological-anatomical  basis.  The 
following  main  types  are  distinguishable : 

(1)  Simple  Vegetative  and  Benign  Endocakditis  {Thrombo-endo- 
carditis  superficialis.  Endocarditis  verrucosa.  Endocarditis  simplex), — 
This  is  frequent  as  a  complication  of  tonsillitis,  rheumatism  and  other 
infectious  diseases  (chorea,  scarlet  fever,  measles,  gonorrhea,  pneumonia, 
diphtheria).  Numerous,  minute,  grayish-white  deposits  occur  at  the  line 
of  closure  of  the  valves,  on  the  chordae  tendineae,  or  on  the  parietal  endo- 
cardium; the  warty  deposits  (or  vegetations)  are  minute  thrombi  made  up 
of  blood  platelets,  white  and  red  corpuscles  and  a  little  fibrin.  The  endo- 
thelium beneath  them  is  dead;  they  lie  on  the  subjacent  connective  tissue, 
which,  proliferating,  may  later  invade  them;  hence  adhesions,  thicken- 
ings, scarring  and  retractions  develop  and  lead  to  chronic  valvular  diseases 
(stenosis,  insufficiency)  especially  in  recurring  endocarditis. 

(2)  Septic,  Ulcerative,  ob  Malignant  Endocabditis  {Thrombo- 
endocarditis  septica.  Endocarditis  ulcerosa). — Here  one  sees  a  similar 
process,  but  the  thrombi  are  larger  and  coarser  and  there  is  more  extensive 
destruction  of  valve  tissue.  Ulcers  occur  on  the  valves,  and  smears  from 
these  at  autopsy  show  many  bacteria,  usually  cocci;  the  parietal  ulcers, 
especially  on  the  septum  over  the  left  branch  of  the  His  bundle,  are  not 
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uncommon.  Occasionally,  a  heart  aneurism  occurs  and  even  perforation. 
Many  bacteria  (streptococci,  pneumococci,  staphylococci,  gonococci)  have 
been  isolated  during  life  in  blood  cultures  from  these  casee.  Septic  emboli 
are  formed,  which  cause  infarction  of  the  kidneys,  spleen,  heart  muscle  and 
brain,  with  the  formation  of  miliary  ahsceeses.  No  hard  and  fast  line  can 
be  drawn  between  the  severer  forms  of  rheumatic  endocarditis  and  ordi- 
nary septic  thrombo-endocarditis.  Differences  may  depend  upon  degrees 
of  virulence  of  the  invading  bacteria. 

Symptoms. — In  the  simple,  behioh  fobu,  subjective  symptoms,  other 
than  those  of  the  primary  infection  with  its  fever  and  leukocytosis,  may 
be  slight  or  absent,  or  there  may  be  oppression  and  pain  in  the  precordial 
r^OD    with    tachycardia    and    a    sense    of    palpitation.       Objectively, 
soft  systolic  murmurs   are  audible  at   the   apex   or,   more  rarely,   over 
the  aorta.     There  is  usually  accentuation  of  the  pulmonic  second  sound. 
There  is  danger,  in  the  acute  stage,  of  embolism  and  of  infarction  (brain, 
heart,  spleen,  kidneys,  intestine).     There  may  be  cyanosis  of  the  face, 
arms  and  legs,  associated  with  pallor  due  to  anemia.     The  maximal  and 
minimal     blood     pressures 
fall.     The  size  of  the  heart 
often    increases,    owing    to 
more     or     less     dilatation. 
Pericarditis,       myocarditis 
and   pleuritis   are   common 
complications.    In  the  rheu- 
matic cases,  the  endocardi- 
tis may  he  associated  with 
tonsillitis,   polyarthritis,   or 
chorea.    There  is  nearly  al- 
ways a  leukocytosis.  Lesions 
in  the  parietal  endocardium 
may  lead  to  fibrosis  and  to 
conduction       disturbances. 
Most   cases   of   chronic   in- 
flammatory cardiopathy  are 
'sequels  of  acute  endocardi- 
tis and  acute  myocarditis. 

In    the   BBVBEB,    SEPTIC, 
ULCBBATIVE     P  O  B  M  ,     the 

symptoms  are  usually  more 

stormy  at  onset,  though  they 

may     sometimes     resemble 

those  in  the  milder  form. 

TT«iiallv   there  is  his^h  fever         '"'*■  276.— Brythema  multiforme  with  Chorea.  Mltwl 

usually,  mere  18  nigniever,  jnwmdeQcr    «nd    StenoBlB    and    chronic    Tonsil. 

with    joint    pains,,  chills,  iuib.    (Med.  service,  j.  h.  h.) 
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sweats^  and  outspoken  polymorphonuclear  leukocytosis  and  anemia.  Tachy- 
cardia, palpitation,  dyspnea,  and  prostration  are  prominent  phenomena, 
Not  infrequently,  conjunctival,  retinal,  or  subcutaneous  hemorrhages  occur, 
the  latter  often  in  petechial  form.  The  urine  contains  albumin,  c^sts,  and, 
sometimes,  blood.  The  spleen  is  usually  palpable  (acute  splenic  tumor). 
Murmurs  (systolic  or  diastolic)  become  audible  over  the  heart.  Signs  of 
acute  circulatory  insufficiency  may  be  present,  or  the  signs  of  myocardial 
insufficiency  with  dilatation  of  the  heart  gradually  develop.  As  a  result 
of  septic  emboli,  the  signs  of  infarction  of  the  kidneys,  spleen,  intestine, 
brain,  lungs,  or  heart  may  appear. 

Clinically,  several  types  are  distinguishable  (Osier) :  (1)  septic  type, 
with  rigors,  sweats,  irregular  fever  and  bacteriemia;  (2)  typhoid  type, 
with  more  continuous  fever,  early  prostration,  delirium,  diarrhea,  drench- 
ing sweats  and  petechiae;  the  heart  signs  may  be  insignificant;  (3) 
cardiac  type  of  Bramwell,  vnth  the  acute  infection  superimposed  upon  an 
old  valve  lesion;  (4)  cerebral  type,  simulating  meningitis;  (5)  the  more 
chronic  or  subacute  infective  type,  resembling  recurring  malarial  attacks 
extending  over  many  months  (6  to  13),  in  which  there  are  fever,  recurring 
chills,  and  progressive  weakness.     (See  Endocarditis  lenta). 

Diagnosis. — The  condition  will  be  discovered,  in  the  majority  of  cases, 
if  the  patient  be  carefully  studied  by  physical  and  by  laboratory  methods. 
The  fever,  the  tachycardia,  the  leukocytosis,  the  development  of  heart 
murmurs,  and  the  presence  of  a  primary  focus  of  infection,  are  clews  to 
diagnosis.  The  mildness  or  the  severity  of  the  symptoms  and  the  course, 
but,  more  particularly,  the  character  of  the  bacteria  found  in  the  blood  by 
cultural  methods,  will  help  to  distinguish  the  simple  from  the  ulcerative 
form.  In  the  cases  resembling  typhoid  fever,  the  pulse  rate,  the  leukocy- 
tosis, and  the  blood  culture  differentiate.  In  the  cerebral  type,  the  positive 
blood  culture  and  the  negative  findings  in  the  cerebrospinal  fluid  obtained 
by  lumbar  puncture  will  rule  out  meningitis.  The  blood  culture  is  essen- 
tial, and  media  of  different  kinds  should  be  employed  in  order  that  the 
etiological  agent  may  be  discovered ;  the  gonococcus,  the  influenza  bacillus, 
and  the  rhemnatic  coccus  of  Rosenow  are  difficult  to  grow  except  on  special 
media.  It  would  be  unfortunate,  too,  to  miss  the  streptococcus  viridans 
of  endocarditis  lenta,  on  account  of  the  grave  prognosis  in  the  latter  condi- 
tion. 

It  should  be  remembered  that  the  occurrence  of  "accidental"  murmurs 
in  acute  febrile  infections  may  mislead,  when  no  endocarditis  exists. 
Again,  if  an  old  valvular  lesion  be  present,  the  murmur  may  be  mistaken 
for  that  of  acute  endocarditis,  if  the  previous  condition  of  the  patient  be 
unknown.  Not  infrequently,  however,  an  acute  endocarditis  is  superim- 
posed upon  an  old  valvular  lesion. 
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(6)    Subacute  Infective  Endocarditia  (Endocarditis  lenta) 

Definition. — A  subacute  inflammation  of  the  lining  membrane  of  the 
hearty  due  to  infection  with  the  Streptococcus  viridans,  ahnost  always 
terminating  fatally  after  months  of  illness. 

Pathology.— The  portal  of  entry  is  often  an  infected  tooth,  or  a  pyorrhea 
alveolaris,  though  other  portals  may,  in  some  instances,  be  responsible.  Rigid, 
warty,  masses  develop  on  the  heart  valves,  and  there  is  a  pronounced  tendency 
for  the  process  to  extend  to  the  mural  endocardium;  thus,  when  the  mitral  valve 
is  attacked,  the  endocarditis  often  spreads  to  the  posterior  wall  of  the  left  atrium, 
and  when  the  aortic  valve  is  diseased,  the  process  goes  on  to  involve  the  endo- 
cardium of  the  wall  of  the  left  ventricle  and  the  ventricular  surface  of  the  mitral 
cusps.  At  autopsy,  the  signs  of  embohc  glomerulo-nephritis  are  almost  always 
present  (Baehr).  Infarctions  of  various  organs  (brain,  spleen,  kidneys)  are 
usually  found. 

Symptoms. — The  patients  have  fever  over  a  long  period.  They  become 
anemic,  sallow,  develop  petechial  hemorrhages,  and,  sometimes,  tender 
nodules  in  the  skin  of  the  hands  and  feet  The  urine  contains  albumin 
and  casts,  and  frequently  blood,  owing  to  the  embolic  glomerulo-nephritis 
that  is  nearly  always  associated.     The  temperature  may  become  almost 
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normal  for  a  time,  only  to  recur  later  on.  The  duration  is  from  4  to  18 
months,  and  the  possibility  of  its  existence  should  be  thought  of  in  long- 
continued  fever,  with  chills,  sweats,  and  leukocytosis,  that  is  otherwise 
unexplained.  The  disease  is  almost  uniformly  fatal,  though  now  and  then 
a  case  recovers,  as  has  been  proven  by  Libman  of  New  York,  who  has 
made  a  very  careful  study  of  the  disease. 

Diagnosis. — ^Failure  to  diagnose  this  disease  is  very  common  among 
general  practitioners.  Mistaken  diagnoses  of  malaria,  pulmonary  tuber- 
culosis, and  subacute  rheumatism  are  often  made.  Even  when  an  endo- 
carditis is  recognized,  its  grave  nature  often  goes  unsuspected.  And  yet, 
as  a  rule,  the  diagnosis  is  relatively  easy,  if  malaria  and  typhoid  be  ruled 
out  by  blood  examinations,  if  a  careful  physical  examination  be  made, 
if  the  leukocytes  be  counted,  and  especially  if  endocarditis  lenta  be  thought 
of  and  a  search  made  for  the  streptococcus  viridans  by  suitable  cultural 
methods  in  blood  taken  by  syringe  from  a  vein  at  the  bend  of  the  elbow. 
If  the  first  blood  culture  be  negative,  others  should  follow  at  intervals ; 
the  streptococcus  viridans  will  sooner  or  later  be  recovered,  if  endocarditis 
lenta  exists.  The  patients  may,  for  a  long  time,  not  seem  to  be  very  ill, 
and  a  consultant  that  makes  the  diagnosis  often  has  a  hard  time  in  con- 
vincing the  less-experienced  practitioner  that  an  exceedingly  grave  malady 
is  before  him. 
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(c)    Chronic  Endocarditis 

Definition. — A  chronic  inflammation  of  the  lining  membrane  of  the 
heart. 

Etiology. — This  probably  always  begins  as  acute  endocarditis  due  to 
some  bacterial  infection.  In  many  cases,  after  the  acute  process  is  over, 
a  slow,  more  or  less  slumbering,  inflammation  continues,  with  occasional 
flare-ups  (endocarditis  recurrens)^  resulting  gradually  in  fibrosis  of  the 
valves.  Sometimes,  the  process  is  insidious  from  the  start,  especially  in 
nephropathic  or  in  tuberculous  patients  that  become  infected  secondarily 
with  streptococci  of  low  virulence. 

Symptoms. — The  signs  of  valvular  disease  (q.  v.)  gradually  develop. 

Diagnosis. — ^When  signs  of  a  valvular  lesion  exist  without  fever,  it  may 
be  hard  to  decide  whether  a  chronic  endocarditis  is  present,  or  whether 
one  is  dealing  with  an  arrested  process.  A  gradual  increase  of  the  signs  of 
valvular  involvement  speaks  for  a  continuance  of  the  inflammatory 
process. 

Atherosclerotic  valvular  lesions  may  simulate  those  due  to  chronic 
endocarditis;  formerly,  no  distinction  was  made  between  them. 


2.    Myocarditis 

Definition. — An  inflammation  of  the  musculature  of  the  heart. 

Etiology. — Two  groups  of  cases  are  known:  (1)  myocarditis  due  to 
metastatic  infection  from  some  distant  primary  focus  (tonsillitis,  diph- 
theria, influenza,  oral  sepsis,  etc.)  ;  and  (2)  myocarditis  due  to  extension 
per  continuitatem  from  an  endocarditis  or  a  pericarditis.  In  some  in- 
stances, doubtless,  the  endocardium,  the  myocardium  and  the  pericardium 
are  simultaneously  involved  as  a  result  of  the  bacteriemia. 

Pathology. — Histologically,  several  varieties  of  inflammation  of  the  myo- 
cardium are  recognizable;  clinically,  it  is  difficult  enough,  as  yet,  to  be  sure  that* a 
myocarditis  exists,  let  alone  to  differentiate  the  several  varieties. 

(a)  Parenchymatous  Form  {M,  parenchymatosa) , — Very  common  in  diph- 
theria; more  rarely  in  typhoid  and  streptococcus  infections.  Hyaline  and  waxy 
degeneration  of  heart-muscle  fibers;  healing  by  minute  scars.    Occasionally,  sudden 

death  in  acute  stage. 

(b)  Purulent  Form   {M.  pwrw^enf a). —Usually  a  compHcation  of  ulcerative 

endocarditis,  due  to  infected  emboli. 

(c)  Acute  Interstitial  Myocarditis  (M.  interstitialis  acuta), — ^Minute  foci 
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of  primary  proliferation  of  fixed  tissue  cells  with  aggregations  of  lymphocytes, 
plasma  cells  and  eosinophils;  degenerative  changes  in  muscle  fibers;  healing  by 
small  scars  (typhoid,  streptococcus  and  other  infections). 

(d)  Rheumatic  Mtocarditis  (If.  rheumatica). — Peculiar,  submiliaiy  nodules 
in  interstitial  tissue;  cells  with  large  nuclei,  of  connective-tissue  origin;  some 
lymphocytes  and  eosinophils.  Sub-endocardial  distribution  of  nodules,  often 
destroying  parts  of  conduction  system. 

(e)  Tuberculous  and  Syphilitic  Forms  (If.  tuberculosa;  M,  syphiUtiea), — 
Rare,  though  gnimmata  of  the  septum  occasionally  cause  heart  block. 

Symptoms. — The  disease  is  nearly  always  a  complication  of  some  infec- 
tion, especially  of  rheumatism,  diphtheria,  sepsis,  typhoid,  or  scarlet  fever. 
Fever,  pressure  or  pain  in  the  cardiac  region ;  pallor  or  cyanosis,  tachycar- 
dia or  bradycardia,  or  arhythmia  may  suggest  its  development.  The  heart 
is  often  dilated.  Systolic  murmurs  may  be  due  to  relative  insufficiency  or 
to  a  complicating  endocarditis.  In  severe  cases,  the  stasis  phenomena  of 
decompen^tion  (albuminuria,  edema,  dyspnea,  enlarged  liver)  appear. 
Death  may  occur  suddenly  (as  in  the  children  vsrho  fall  over  dead  in  con- 
valescence from  diphtheria),  or  gradually  through  progressive  dilatation. 

Mild  cases  recover  in  a  few  weeks  or  months  with  little  or  no  residue ; 
others  go  on  to  productive  changes  {myocarditis  chronica)  with  scar  forma- 
tion, a  form  of  chronic  inflammatory  cardiopathy,  often  spoken  of  as 
chronic  fibrous  myocarditis. 

The  senile  heart,  at  autopsy,  nearly  always  contains  patches  of  fibrous 
change  in  the  myocardium. 

References 

Bard  (£.)  &  Phillippe  (C).    De  la  myocardite  interstUieUe  chrordque.    Reo.  de  mid^ 

Paris,  1891,  xi,  S4S;  60S;  660. 

Bricout,  (C).    La  syphilis  du  cobut,    PariSf  191S,  Lederc.    $18  p.    8^. 

Fleisher  (M.  S.)  &  Loeb    {Leo).     Further  investigations  in  experimenlal  myooardiHs. 

Arch,  Int.  Med.,  Chicago,  1910,  vi,  4IS7-4S8. 

Huchard  (H,)  &  Flessinger  (N.).    Syphilis  gommeuse  du  ccsur,     Reo.  de  mAL,  Paris, 

1907,  xxvii,  948-969. 

Liehmann  (£,)•     Untersuchungen  iSber  die  Herzmushdatur  bei  Infeklionskrankheiten,     /. 

Zur  Frage  der  eosinophilen  Myokardilis.    Deutsaies  Arch,  f,  klin.  Med^ 
Leipzig,  1915,  cxvii,  438-447. 

Loeb  (L.).     Ueber  experimenleUe  Myokardiiis.    Arch.  f.  path.  Anat.,  [etc.],  Berlin,  1919, 

ccxii,  475-476. 

Pearce  (JL  M.).    Experimental  myocarditis:  a  study  of  the  histological  changes  foUawing 

inlraverums  injections  of  adrenalin.    J.  Exper.  M.,   New   York,   1906, 

via,  400-409. 

Ribbert  (IT.).     Ueber  experimenleUe  Myo-  und  Endocarditis.    Fortschr.  d.  Med.,  Berlin, 

1886,  iv,  1-13. 

Thalhimer  (IF.)  &  Rothschild  (M.  A.).    Experimental  focalized  myocardud  lesions  pro- 
duced with  streptococcus  miHs.    J.  Exper.  M.,  Lancaster,  Pa.,  1914,  xix, 

4^9-443. 

Warthin  (A.  5.).     Primary  tissue-lesions  in  the  heart  produced  by  Spirochete  pallida.     Am, 

J.  M.  Sc,  Philadelphia  &  New  York,  1914,  cxUnx,  667-672. 


THE    INFLAMMATORY   CARDIOPATHIES  879 


3.    Pericarditis 

DeflnitioiL — ^An  inflammation  of  the  pericardium^  or  closed  serous  sac 
that  surrounds  the  heart. 

Etiology. — This  is  always  due  to  bacterial  infection ;  the  fibrinous  and 
serofibrinous  forms  are  often  due  to  the  virus  of  rheumatic  fever.  The 
bacteria  most  often  responsible  are  streptococci,  staphylococci,  pneumo- 
cocci  and  tubercle  bacilli. 

The  bacteria  reach  the  pericardium:  (a)  through  the  lymph  vessels 
(lymphogenous  form),  as  a  complication  of  pleuritis,  subphrenic  periton- 
itis, myocarditis,  or  mediastinitis ;  or  more  often  (b)  through  the  blood 
vessels  (hematogenous  form),  as  a  metastatic  infection  complicating  tonsil- 
litis, typhoid  or  pyogenic  infections  of  various  sorts. 

Chronic  nephritis  strongly  predisposes  the  pericardium  to  infection. 
Tuberculous  pericarditis  is  not  uncommon,  especially  as  a  part  of  a 
polyserositis. 

Classiflcation  and  Pathology. — The  acute  forms  are  classified  according 
to  their  exudates,  since  these  give  rise  to  different  clinical  symptoms. 

1.  Fibrinous  ob  Dry  Pericarditis  (Pericarditis  fibrinosa  s.  sicca) 
is  the  most  common  form.  The  fibrinous  exudate  may  be  very  slight ;  when 
more  abundant,  it  forms  ridges  or  villi  on  the  epicardium  (cor  villosum). 
On  healing,  the  fibrin  may  be  entirely  absorbed,  or  it  may  undergo  organ- 
ization in  places,  leaving  sclerotic  patches  on  the  surface  of  the  heart 
Sometimes^  pericardial  adhesions  unite  the  visceral  to  the  parietal  layer. 
Occasionally,  the  whole  pericardial  cavity  is  obliterated  (total  synechia  or 
concretio  pericardii), 

2.  Pericarditis  with  Effusion-  (Pericarditis  exudativa). — ^Here, 
the  fibrinous  exudate  is  accompanied  by  serous,  hemorrhagic,  purulent,  or 
putrid  effusion. 

Symptoms. — In  a  sharp  attack,  the  patient  complains  of  violent  pain 
in  the  region  of  the  heart,  shortness  of  breath,  oppression,  and  a  feeling 
of  anxiety.  Sometimes,  however,  the  onset  is  insidious  with  weakness, 
headache,  anorexia,  and  chilly  sensations;  in  such  cases,  the  patient  may 
experience  no  pain  in  the  region  of  the  heart 

Dyspnea  and  cyanosis  are  nearly  always  present,  even  when  there  is 
no  marked  effusion.  There  is  usually  some  fever  and  tachycardia ;  some- 
times, the  pulse  is  irregular.  Over  the  heart,  a  pericardial  friction  rub 
(q.  V,)  may  be  palpable  and  audible  (pericarditis  sicca).  If  pericarditis 
be  suspected,  one  should  listen  carefully,  especially  at  the  base  of  the 
heart,  the  patient  being  told  to  hold  his  breath  after  a  full  inspiration. 

If  a  fluid  exudate  be  poured  out  (pericarditis  exudativa) ,  the  friction 
rub  will  disappear.  The  effusion  leads  to  enfeeblement  of  the  apex  beat 
and  to  its  displacement  downward  and  to  the  left     The  apex  beat  some- 
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times  lies  medial  from  the  left  margin  of  the  area  of  cardiac  dullness.  The 
areas  of  cardiac  didlness,  both  superficial  and  deep,  are  broadened,  since 
the  fluid  tends  to  collect  in  the  lateral  regions  of  the  pericardial  sac  As 
the  effusion  grows,  the  areas  of  superficial  and  deep  cardiac  dullnesa  coin- 
cide.   One  of  the  earliest  signs  of  pericardial  effusion  is  obliteration  of  the 


FIb.  277.— Frontal  Section  Througb  a  Pirlcardla]  Exudate  (Halt  Scbematlc),  ShowWg  the 
rusbing  Down  of  Ibe  Lpft  Side  of  tbe  DIaphrasni,  Ibe  Position  of  tbe  Heart  and  lis 
Api-i.  and  tbeir  Rclallon  to  the  Right  sod  I^cfl  rnrtioDa  ot  the  l':xudBte.  (After  Cnrscb- 
maoD  IQ  J.  Schvalbc's     Thi^rap.  Tecbnlk."  publlsbpd  b;  0.  Tbleme,  Leipalg.) 

eardiohepatic  angle ;  instead  of  being  a  right  angle,  it  becomes  very  obtuse. 
When  the  effusion  is  large,  a  triangular  area  of  dulpess,  a  little  rounded 
at  the  apex,  can  be  made  out ;  this  corresponds  to  th©  equilateral  triangular 
shadow  seen  on  rontgenoscopy. 

As  the  effusion  accumulates,  the  left  lung  becomes  compressed ;  dulnesa 
can  be  made  out  on  percussion  over  tlie  left  lower  lobe,  enfeebled  or  bron- 
cliial  breathing  becomes  audible  under  the  angle  of  the  left  scapula  and 
there  is  increased  vocal  fremitus. 

Pericarditis  may  cause  irritation  of  the  neighboring  nerves.  Thus, 
irritation  of  the  N.  vagus  or  of  the  N,  recurrens  may  lead  to  laryngeal 
paralyses  or  to  dysphagia;  irritation  of  the  N.  phrenicus  may  cause  hic- 
cough, paroxysmal  eructations,  or  vomiting. 

When  a  pericardial  effusion  occurs  in  young  children,  an  outspoken 
heart-boss  or  vous-ntre  may  develop.  In  adults,  especially  in  those  that 
suffer  from  emphysema,  an  effusion  may  cause  a  bulging  in  the  epigas- 
trium. 

3.  The  signs  of  adherent  pericardium  (pERiCARmxia  ATtitAESivA)  in- 
clude: (1)  fixation  of  apex  beat,  (2)  systolic  retraction  of  the  apex  and  of 
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the  lower  part  of  the  sternum,  (3)  Broadbent's  sign  {q.  v.),  and  (4)  dias- 
tolic collapse  of  the  veins  of  the  neck.  A  pukua  paradoxus,  in  which  the 
pulse  becomes  amaller,  or  actually  disappears,  during  full  inspiration,  is 
occasionally  present  but  ia  bj  no  means  constant. 

The  diastolic  shock  or  rebouTid  accompanying  the  second  sound  may  be 
markedly  exaggerated 
over  the  cardiac  area  in 
adherent  pericardium 
(Broadbent) ;  an  in- 
tense shock  may,  in  ad- 
dition, accompany  the 
protodiastolic  third 
heart  sound  (W,  S. 
Thayer). 

Murmurs  are  often 
present,  moat  often  ow- 
ing to  associated  valvu- 
lar lesions.  But  even 
in  the  absence  of  valvu- 
lar disease,  a  presystol- 
ic rumble  may  be  audi- 
ble, due  perhaps  to 
stretching  of  strands  of 
adhesions  when  the 
atria  contract. 

When  the  pericardi- 
um ia  adherent  to  the  r 
diaphragm  we  may,  on 
listening  over  the  stom- 
ach,  hear  heart-sounds 

that  are  loud  and  metal-  > 

lie  in  quality   (Keisa; 
Fran^ois-Franek) . 
1        If,  in  adherent  peri- 
cardium, the  anamneeis    pj,.  278.— Dtagram   showing  F«ctor>  thst  Ha;  AITect  the 
be   carefully   eone   into  Cardlobepatlc    Angle     IConllniiPd) .      DlsplBccment    ot 

■n     <t       V  'kl'  '*"  I*"*'  I^''  "'  "■«  RlKht  Wall  of  the  rrrlnrdlam. 

it  WllJ   Otten   be  possible  eltHw  bj  Eiruaton  or  Great  DItalallon  Of  Right  Auricle, 

to   set   a   history   of   an  ^^'  Front  rrojectlon  of  the  Organs  Id  Mitral  StenMla 

f.  £  L   -1  1.1.     1  ^  Shown.     A,  Anterior  Medial  Border  o(  Right  Lung; 

earlier      tebnle      attacS  g^   Rig^t  Wall   of   Snperlot  cava  and   Right  Atrium; 

accompanied    by    pains  C-    Pu'iionlc   veins;   D.   Right   Wall   or  Lett   Atrium; 

t         ,       .  11-  £.   Right  Atrium  ;   F.  Diaphragm ;   O,   Right  VeDtrlcle. 

m  the  chest  and  palpi-         (After  w.  j.  caivert,  j.h.  n.  Ban.) 
tation. 

Adherent   pericardium,    if    associated   with    mediastino-pericarditia, 
leads,  sooner  or  later,  to  symptoms  of  chronic  circulatory  insuflSciency 


882    DISEASES    OF    THE    CIRCULATORY   APPARATUS 

(cyanosis,  dyspnea,  cardiac  arhythmia,  stasis  phenomena).  Such  symp- 
toms are  due  to  atrophy  or  degeneration  of  the  myocardium  and  are  to 
be  regarded  as  danger  signals.  Unless  the  adhesions  uniting  the  peri- 
cardial sac  to  the  sternum  be  severed,  the  outlook  is  grave;  but  with 
Brauer's  operation  of  cardiolysis,  which  Kocher  calls  ^Hhoracolysis  peri- 


/ 


—  K 


Fig.  278a. — Diagram  Showing  Factors  that  May  Affect  the  Cardiohepatlc  Angle;  Displace- 
ment of  the  Root  of  the  Lung.  The  Front  Projection  of  an  Enlarged  Heart  in  Aortic 
Stenosis  is  Shown,  and  also  the  Right  Wall  of  the  Pericardium  and  the  Diaphragm  In 
Two  Cases  of  Pericarditis.  A,  Jugular  Vein:  B,  Anterior  Medial  Border  of  Lung; 
C,  Right  Wall  of  Pericardium,  with  «/,  its  Corresponding  Diaphragm  in  One  Case  of 
Pericarditis:  £?,  Left  Wall  of  Right  Atrium;  F,  Right  Wail  of  Right  Atrium;  G,  Dia- 
phragm of  Heart  Case ;  H,  Lower  Portion  of  Pericardial  Wall  at  Point  of  Maxiiitfi 
Displacement:  /,  Inferior  Vena  Cava.      (After  W.  J.  Calvert.,  J.  H.   H.  Bull.) 

cardiaca,''  many  of  these  patients  can  be  rescued.  Recently,  surgeons 
have  advised  removing  the  sternum  and  its  anterior  periosteum,  leaving 
the  posterior  periosteum  behind  (Konig,  Blauel),  an  operation  that  yields 
even  better  results. 
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If  mediastino-pericsTditis  exist,  the  abdomen  should  also  he  carefully 
examined,  for  the  thoracic  condition  may  be  complicated  by  chrome  pro- 
ductive    perihepatitis     (icing-liver) 
r.nd  ascites  (Pick's  syndrome).     See 
Part  VIII. 

Diagnosis.  —  Pericarditis  will 
scarcely  be  overlooked,  provided  a 
careful  physical  examination  be  made. 
If  effusion  be  present,  paracentesis 
of  the  pericardium  may  be  under- 
taken and  the  character  of  the  fluid 
determined  by  bacteriodiagnostic  and 
cytodiagnostic  methods  (See  Explor- 
atory Punctures). 

Rontgenoscopy  and  rontgenogra- 
phy  are  valuable  aids  in  the  dia^niosia 

'^j.-'     ,,  ,  -J-  ,-KT     Tj  I"B-  279.— CMe  of   Perlcardltic  Prcudo- 

of  adherent  pericardium   (M,  Bene-  drrhoBie.    (Attec  obot,  from  a.  d. 

dikt;    Stuertz;    Lehmann    and  iiimchfeldGr-s    •oiBe.w.    o(    the 

n   1         11.        mi  I       r      II      ■  Heart    and    Aorta,"    pobltibed    br 

Sehmall).     The  strands  of  adhesions  j.  b.  uppiocoit  co.,  pwiadeiphiaj 

are  directly  visible,  though  care  must 

be  taken  not  to  be  misled  by  shadows  normally  present  in  the  lung  areas 
near  the  pericardium,  "When  in  doubt,  an  examination  should  be  made 
when  the  structures  are  rendered  tense  by  a  deep  inspiration;  in  adher- 
ent pericardium,  the  margin  of  the  sac  will  be  pulled  downward  and  out- 
ward by  the  strands  of  adhesions. 
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E.    Non-inflammatory  Diseases  of  the 

Pericardium 

Among  those  of  chief  clinical  interest  are:  (1)  hydropericardium,  (2) 
hemopericardium,  and  (3)  pneumopericardium. 

Hydropericardimn. — ^By  this  is  meant  a  non-inflammatory  accumula- 
tion of  serum  within  the  pericardial  sac.  It  is  due  either  to  venous 
stasis,  to  a  pathologically  increased  permeability  of  the  blood  vessels, 
or  to  both.  It  is  met  with  in  chronic  circulatory  insufficiency  (in  associa- 
tion with  hydrothorax,  ascites,  and  general  anasarca),  in  chronic  neph- 
ropathies, and  in  cachectic  states  (carcinoma,  chronic  tuberculosis).    Clin- 
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ically,  the  signs  of  pleural  effusion  are  present.  On  paracentesis,  the 
fluid  is  found  to  be  a  transudate,  not  an  inflammatory  exudate. 

Hemopericardimn. — Blood  may  accumulate  in  the  pericardial  cavity 
as  a  result  (1)  of  partial  rupture  into  it  of  an  aneurism  of  the  heart,  of 
the  ascending  aorta,  or  of  the  pulmonary  artery;  (2)  of  oozing  in  states 
of  hemorrhagic  diathesis;  or  (3)  of  trauma. 

If  the  hemorrhage  be  large  and  occur  quickly,  the  patient  becomes 
dyspneic,  cyanotic,  and  arhythmic,  loses  consciousness  and  dies.  Should 
it  be  smaller,  or  occur  slowly,  the  dyspnea  and  cyanosis  are  slower  in 
developing,  the  area  of  cardiac  dullness  increases,  and  the  heart  sounds 
become  distant.     Paracentesis  of  the  pericardium  reveals  blood. 

PnemnopericardiniiL — An  accumulation  of  air  or  of  gas  in  the  pericar- 
dial cavity  may  be  due  (1)  to  trauma  in  which  the  chest  wall  is  perfor- 
ated; (2)  to  rupture  of  a  pneumothorax,  of  a  lung  cavity,  or  of  a  gastric 
or  esophageal  ulcer  into  the  sac;  or  (3)  to  putrefactive  decomposition  of 
a  pericardial  exudate.  The  area  of  cardiac  dullness  is  replaced  by  an  area 
of  resonance  or  of  metallic  tympany  when  the  patient  is  in  the  recumbent 
posture;  dullness  may  appear  in  the  same  area  when  the  patient  sits  up. 
The  heart  sounds  have  an  amphoric  or  a  metallic  quality.  When  liquid 
and  air  are  both  present,  the  water-wheel  sound  {bruit  de  moulin)^  may  be 
heard,  and,  sometimes,  if  the  patient  be  shaken,  a  Hippocratic  succussion- 
splash  may  become  audible.  Pneumopericardium  may  resemble  gaseous 
distention  of  the  stomach  or  a  partial  pneumothorax  near  the  heart,  but 
rontgenoscopy  and  rontgenography  will  differentiate. 


F.    Valvular  Diseases  of  the  Heart 

Definition. — By  valvular  disease  of  the  heart  is  meant  an  interference 
with  the  function  of  the  heart  valves  due  to  some  organic  disease  of  the 
heart. 

When  the  valves  close  incompletely  and  allow  blood  to  leak  back 
through  them,  we  speak  of  regurgitation  or  of  insufficiency  of  the  valve; 
when  the  valve-edges  grow  togetlier,  or  when  for  any  other  reason  an 
orifice  is  narrowed,  we  speak  of  obstruction  or  stenosis  of  the  valve.  In- 
sufficiency of  a  valve  will  reveal  itself  during  those  phases  of  the  cardiac 
revolution  in  which  the  orifice  is  normally  closed ;  a  stenosis,  on  the  other 
hand,  during  those  in  which  the  orifice  is  normally  open  and  the  blood  cur- 
rent passing  through  it.  Sometimes  insufficiency  of  a  valve  is  combined 
with  stenosis  of  the  same  valve,  though,  clinically,  one  or  the  other  is 
usually  the  more  prominent  lesion. 

Etiology. — Valvular  insufficiency  and  valvular  stenosis  are  usually 
endocarditic  in  origin,  though  changes  in  the  aortic  valve,  and  sometimes 
also  in  the  mitral  valve,  may  be  atherosclerotic  or  luetic  in  origin.      In- 
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suflSciencies  may  be  due  also  to  widening  of  the  orifices  from  relaxation 
of  the  muscle  ring  about  the  valve  in  myocardial  weakness  and  in  failure 
of  tonicity  (so-called  relative  or  muscular  insufficiencies) j  or  they  may 
follow  changes  in  the  papillary  muscles  (fatty  degeneration,  inflamma* 
tion,  fibrosis).  Earer  forms  of  valvular  defect  are  due  to  congenital  anomr 
alies,  to  trauma,  or  to  tumors. 

Effects  of  Valvrdar  Disease. — In  valvular  disease,  the  normal  mechan- 
ism of  the  heart  is  disturbed,  in  that  the  portion  of  the  heart  "down- 
stream" from  the  diseased  valve  receives  less  blood  than  normal,  whereas 
the  portion  of  the  heart  "up-stream"  gets  more.  The  latter  then  attempts 
to  "compensate"  for  the  disturbance ;  in  valvular  insufficiency,  it  will  send 
forward  a  larger  amount  of  blood  than  normal  at  each  beat,  whereas  in 
valvular  stenosis  an  effort  is  made  to  force  the  blood  through  the  narrowed 
orifice  with  increased  force.  The  insufficiency  will  thus  lead  to  hyper- 
trophy together  with  dilatation,  stenosis  (at  first)  to  hypertrophy  alone. 
As  long  as  the  heart  muscle  is  able  to  adapt  itself  to  these  disturbed  con- 
ditions, the  heart  is  in  the  stage  of  compensation.  Sooner  or  later  the 
heart  becomes  unequal  to  the  task  and  there  is  failure  of  compensation 
(decompensation). 

The  heart  muscle  has,  normally,. remarkable  powers  of  adaptation 
to  the  variable  demands  made  upon  the  heart  for  work.  The  heart  can  vary 
(1)  its  systolic  output  and  (2)  its  frequency  of  contraction;  on  these  two 
factors,  the  amount  of  blood  pumped  into  the  aorta  each  minute,  the  so- 
called  minute-volume y  depends. 

It  is  asserted  that  simply  in  walking  on  the  level  the  heart  has  to 
do  four  times  as  much  work  as  when  the  person  is  at  rest,  and  that 
when  the  body  is  exerting  itself  to  the  utmost  the  heart  does  13  times 
the  amount  at  rest  (Zuntz).  No  wonder  then  that  the  heart  muscle,  con- 
fronted by  a  valvular  defect  that  throws  more  work  upon  it,  can  easily 
and  quickly  adapt  itself  to  the  new  conditions  as  long  as  the  heart  muscle 
itself  remains  uninjured.  The  increased  work  calling  continuously  upon 
the  ret-erve  force  of  the  heart  causes  hypertrophy  of  the  musculature  of 
its  walls.  In  animal  experiments,  the  volume  and  weight  of  the  muscle 
may  be  demonstrably  increased  within  a  month  after  a  valvular  lesion 
has  been  produced.  The  individual  muscle  fibres  enlarge  and  there 
is  also  an  increase  in  the  number  of  heart-muscle  cells.  For  a  long  time 
it  was  thought  that  such  hypertrophied  hearts  have  less  reserve  force  than 
the  normal  heart,  but  recent  studies  indicate  that  the  reserve  forces  of 
the  hypertrophic  and  of  the  normal  heart  are  equal  in  amount. 

The  increased  diastolic  filling  of  the  heart  in  each  cardiac  cycle  accounts 
for  the  increased  systolic  output ;  such  a  dilatation  of  the  heart  is  neces- 
sary as  a  compensatory  process,  and  is  spoken  of,  sometimes,  as  a  physio- 
logical or  compensatory  dilatation.  But  in  larger  valve  defects,  and  when 
the  heart  muscle  is  weakened,  the  increased  diastolic  filling  is  not  perma- 
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nently  compensated  for  by  increased  systolic  output  and  then  a  pathologi- 
cal dilatation  occurs,  known  also  as  systolic  dilatation,  or  stasis  dilatation. 
In  such  cases,  the  intramuscular  connective  tissue  is  stimulated  to  pro- 
liferation and  myofibrosis  cordis  develops. 

Sooner,  or  later,  the  adaptive  powers  of  the  heart  begin  to  fail  and 
symptoms  of  decompensation  begin  to  appear.  This  may  result  from 
(1)  an  extension  of  the  valvular  injury  (endocarditis  recurrens,  mesaorti- 
tis  luetica,  atherosclerosis),  but  more  often  decompensation  sets  in  because 
of  (2)  degenerative  processes  in  the  heart  muscle,  due  to  prolonged  over- 
work, to  intoxications,  or  to  infections. 

Decompensation  may  be  manifested  in  the  pulmonary  circuit  by  stasis 
phenomena  in  the  lungs  (heart  failure  cells  in  the  sputum  or  a  tendency 
to  chronic  bronchitis ;  later,  infarction  of  the  lungs,  or  pulmonary  edema). 

Decompensation  in  the  systemic  circulation  may  reveal  itself  by  cya- 
nosis, dyspnea  and  signs  of  chronic  passive  congestion  in  the  organs  (tender 
palpable  liver;  scanty,  dark,  albuminous  urine;  ascites;  right-sided  hydro- 
thorax),  by  edema  of  the  ankles,  or  by  the  occurrence  of  embolic  infarc- 
tions (brain,  spleen,  kidneys).  These  phenomena  have  already  been  dis- 
cussed under  Chronic  Circulatory  InsuflSciency. 

Frequency  of  Defects  of  the  Several  Valves. — Hirschfelder  has  analyzed 
1,781  cases  of  valvular  disease  of  the  heart  studied  in  the  medical  clinic  at  the 
Johns  Hopkins  Hospital  (1899-1908),  and  found  the  following  incidence: 

Mitral  insufficiency 29  per  cent. 

Aortic  insufficiency 22  '' 

Mitral  stenosis  and  aortic  insufficiency 14  *' 

Mitral  stenosis  alone 8  ^ 

Aortic  and  mitral  insufficiency  with  mitral  stenosis. . .  4  ** 

Aortic  insufficiency  and  aortic  stenosis 3  ** 

Other  valvular  defects 20  " 

Kiilbs,  in  a  collective  review,  estimates  the  incidence  of  the  several  valvular 
diseases  as  follows: 

Mitral  insufficiency  20-40  per  cent. 

Mitral  insufficiency  and  mitral  stenosis 6-33  ^ 

Aortic  insufficiency  10-22  ^ 

Mitral  stenosis  alone 5-21  ^ 

Aortic  insufficiency  and  mitral  stenosis 3-14  " 

Aortic  and  mitral  insufficiency 4-5  " 

Other  valvular  lesions 9-25  ** 

Age. — In  the  first  decade  of  life,  the  valvular  lesions  found  are  nearly 
all  congenital ;  in  the  second  and  third  decades,  they  are  chiefly  endocar- 
ditic,  and,  indeed,  largely  rheumatic  in  origin  and  are  most  often  mitral 
lesions ;  in  the  third  and  fourth  decades  occur  the  majority  of  luetic  lesions, 
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involving  chiefly  the  aortic  valves;  and  in  later  life  (after  the  40th  year) 
the  atherosclerotic  lesions,  involving  the  aortic  valve  or  the  aortic  and 
mitral  together,  predominate. 

Recognition. — The  existence  of  valvular  disease  is  recognized  largely 
by  means  of  auscultation,  though  percussion  and  x-ray  examinations  help 
to  reveal  the  changes  in  the  various  cavities  of  the  heart  that  result 
from  the  processes  of  accommodation  and  of  compensation  of  the  lesion. 
In  the  stage  of  compensation,  an  exact  diagnosis  is  usually  easily  made; 
after  the  stage  of  decompensation  has  set  in,  there  may  be  more* difficulty, 
owing  to  the  complications  arising  from  muscular  insufficiencies  and  the 
modifications  of  the  auscultatory  signs  resulting  from  the  enfeeblement  of 
the  heart  muscle. 
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\.    Aortic  Stenosis 

Narrowing  at  the  aortic  orifice  gives  the  left  ventricle  more  work  to 
do  when  it  empties  itself;  hence  hypertrophy  of  its  walls,  with  only 
moderate  dilatation  follows.  The  right  ventricle  becomes  an  appendage 
to  the  left,  the  wall  of  the  latter  bulging  into  the  former. 

The  apex  beat  is  slightly  displaced  downward  and  to  the  left,  and  is 
not  markedly  increased  in  strength;  there  is  very  little  enlargement  of 
the  heart  to  the  left  until  dilatation  occurs.  A  loud  systolic  murmur  is 
audible  in  the  aortic  area ;  it  is  propagated  especially  toward  the  vessels 
of  the  neck.  A  palpable  systolic  thrill  is  demonstrable  in  the  second  right 
intercostal  space.  The  second  sound  in  the  aortic  area  is  feeble  or  absent 
The  pulse  is  small,  prolonged,  and  anacrotic;  bradycardia  is  common. 
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Orthodiagrams  and  electrocardiograms  point  to  hypertrophy  of  the  left 
ventricle.     Syncopal  attacks  are  conmion. 
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2.    Aortic  Insufficiency 

Some  blood  regurgitates  from  the  aorta  into  the  left  ventricle  during 
diastole.  Since,  in  diastole,  the  ventricle  also  receives  its  normal  amount 
from  the  left  atrium,  its  cavity  dilates.  At  each  systole,  a  larger  amount 
of  blood  is  thrown  into  the  aorta  and  the  wall  of  the  left  ventricle  hyper- 
trophies. 

The  apex  beat  is  forcible,  resistant,  circumscribed  (choc  en  dome)^ 
displaced  markedly  to  the  left  and  often  downward  to  the  sixth  intercostal 
space.  The  areas  of  cardiac  dullness  are  enlarged  to  the  left  and  upward. 
A  horizontal  position  of  the  heart  with  dynamic  dilatation  of  the  aorta 
(large  systolic  output)  can  be  made  out  on  rontgenoscopic  examination^ 
The  electrocardiogram  also  points  to  hypertrophy  of  the  left  ventricle.  A 
characteristic  blowing  murmur,  soft,  aspirative,  commencing  with  the 
beginning  of  diastole  and  replacing  the  sound  due  to  closure  of  the  aortic 
valves,  or  following  immediately  upon  this,  can  be  heard;  this  murmur 
is  sometimes  short,  occupying  only  a  part  of  the  long  pause,  but  ordinarily 
it  is  long  and  decrescendo  in  character,  lasting  through  diastole;  it  is 
audible  in  the  course  of  the  blood  current  giving  rise  to  it,  i.  e.,  in  the 
aortic  area,  along  the  left  margin  of  the  sternum,  as  far  as  the  xiphoid ; 
occasionally,  it  is  maximal  at  the  apex,  and,  rarely,  it  can  be  beard  in 
the  axilla  and  along  the  left  margin  of  the  heart  (Rufus  Cole.)  Occa- 
sionally, the  murmur  is  musical,  especially  when  the  insufficiency  is  due 
to  rupture  of  a  valve,  or  to  atherosclerosis.  The  murmur  is  sometimes 
scarcely  audible  at  all,  or  it  may  be  heard  only  when  the  patient  sits, 
or  stands,  or  takes  exercise ;  it  is  sometimes  heard  better  with  the  naked 
ear  than  with  the  stethoscope.  A  systolic  murmur  at  the  apex,  due  to 
relative  mitral  insufficiency,  is  frequently  associated  with  it.  The  first 
sound  at  the  apex  is  often  indistinct.  Occasionally,  a  presystolic  mur- 
mur near  the  apex  can  be  heard;  this  is  the  'Tlint  murmur  of  aortic  insuf- 
ficiency." Other  phenomena  pointing  to  aortic  insufficiency  include  the 
pulsus  celer  or  Corrigan  pulse,  throbbing  of  carotids,  tones  (q,  v.)  and 
Duroziez's  double  murmur  in  the  peripheral  arteries ;  pallor  of  the  face ; 
and  a  capillary  pulse^ 

Many  of  the  cases  of  aortic  insufficiency  are  due  to  luetic  aortitis 
(Wassermann  reaction);  many  to  atherosclerosis;  some  to  endocarditis. 
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If  the  Wassermann  reaction  be  positive,  especial  pains  should  be  taken  to 
ascertain  if  an  aneurism  coexist. 
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Z.    Mitral  Stenosis 

The  mitral  orifice  is  obstructed  and  too  little  blood  flows  from  the  left  atrium 
into  the  left  ventricle  in  ventricular  diastole  and,  consequently^  into  the  aorta  in 
ventricular  systole.  Hypertrophy  and  dilatation  of  the  left  atrium  develop;  in- 
creased pressure  in  the  pulmonary  circulation,  and  hypertrophy  of  the  right  ven- 
tricle are  results  of  the  effort  to  overcome  this.  Later,  the  right  ventricle  dilates, 
when  it  becomes  insufficient  for  the  work  required  of  it.  In  pure  mitral  stenosis, 
the  left  ventricle  atrophies  and  becomes  an  appendage  of  the  right  ventricle. 

The  apex  beat  is  feeble  unless  the  apex  is  formed  by  the  right  ventricle, 
when  it  may  be  stronger.  Visible  rotary  or  wavelike  pulsation  can  be  seen 
in  the  precordium.  There  is  enlargement  of  the  area  of  cardiac  dullness 
to  the  right,  and  Kronig's  "steplike  line"  bounding  the  area  of  superficial 
cardiac  dullness  on  the  right,  can  be  made  out.     A  chimney-shaped  area 
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of  dullness  along  the  left  sternal  margin  is  due  to  the  dilated  pulmonary 
artery  and  the  enlarged  left  atrium.  Relative  dullness  over  the  left  atrium 
may  be  demonstrable  in  the  left  interscapular  space*  Mitral  configuration 
of  the  heart  is  characteristic  on  x-ray  examination.  Epigastric  pulsation 
due  to  the  hypertrophied  right  ventricle  is  common.  A  diastolic  rumble, 
a  presystolic  murmur,  or  both,  can  be  heard  at  the  apex,  often  accompanied 
by  palpable  thrill  in  the  apex  region.  The  first  sound  at  the  apex  is  a 
loud  snap,  with  corresponding  abrupt  palpable  shock  (durete  cloturale)  ; 
the  pulmonary  second  sound  is  strongly  accentuated.  Double,  or  split, 
second  sounds  are  audible  at  the  base  and,  sometimes,  at  the  apex.  The 
pulse  is  small,  soft,  and  often  irregular.  There  is  a  high  P-wave  on  the 
electrocardiogram  when  the  atrium  is  hypertrophied  and  active. 

In  both  mitral  stenosis  and  mitral  insufficiency,  the  patients  may  ex- 
hibit a  "high  color"  in  the  cheeks  and  slight  cyanosis  of  the  lips  (mitral 
fades). 

Most  important  in  making  the  diagnosis  are  (1)  the  palpable  thrill 
and  the  rumble,  in  diastole,  (2)  the  snapping  first  sound,  (3)  the  accen- 
tuated and  split  second  sound  in  the  pulmonary  area.  In  the  late  stages, 
a  pulsus  irregularis  perpetuus,  due  to  atrial  fibrillation,  is  common.  Em- 
bolism is  a  very  common  complication  in  mitral  st^iosis. 
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4k    Mitral  Insufficiency 

During  systole,  part  of  the  blood  from  the  left  ventricle  regurgitates 
through  the  insufficient  mitral  valve  into  the  left  atrium;  hence,  dilata- 
tion of  the  left  atrium  occurs  and  there  is  increased  pressure  in  the  pul- 
monary circulation,  Avhich,  in  turn,  leads  to  hypertrophy  (and  later  to 
dilatation)  of  the  right  ventricle  and  accentuation  of  the  pulmonary  second 
sound.  An  increased  amount  of  blood  passes  from  the  dilated  left  atrium, 
during  diastole,  into  the  left  ventricle,  and  leads  to  dilatation  of  the 
latter.  The  left  ventricle,  pumping  out  larger  amounts  of  blood  than 
normal,  hypertrophies. 

The  apex  beat  is  forcible  and  diffuse ;  it  is  displaced  somewhat  lateral- 
ward.  The  areas  of  cardiac  dullness  are  enlarged  to  the  left  and,  in  severe 
cases,  also  to  the  right.  A  chimney-shaped  area  of  dullness  may  be  demon- 
strable near  the  sternum  in  the  second  intercostal  space.  Mitral  configura- 
tion of  the  heart  is  visible  on  x-ray  examination.  A  systolic  murmur  of 
blowing  quality  is  audible ;  it  is  maximal  at  the  apex,  often  replacing  the 
first  sound  there.  This  murmur  is  decrescendo  in  character,  usually  holo- 
systolic,  and  is  propagated  toward  the  axilla  and  the  angle  of  the  scapula  in 
the  back.  The  pulmonary  second  sound  is  accentuated..  The  pulse  is  of 
normal  volume  and  tension  in  the  stage  of  compensation,  becoming  small 
and  irregular  when  decompensation  sets  in.  Symptoms  of  chronic  passive 
congestion  of  the  lungs  are  common ;  there  is  a  tendency  to  bronchitis  and 
the  sputum  contains  cells  filled  with  brown  pigment  ("heart-failure  cells"). 
There  may  be  dyspnea  on  slight  exertion,  and  cyanosis,,  even  when  the 
heart  is  fairly-well  compensated.  The  distinction  between  mitral  insuffi- 
ciency due  to  valvulitis  and  that  due  to  muscular  relaxation  has  been  re- 
ferred to  above  (see  Heart  Murmurs). 
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5.    Pulmonary  Stenosis 

This  is  a  rare  lesion,  usually  congenital,  and  then  often  combined  with 
other  anomalies  in  so-called  "blue  babies"  {morbus  caeruleus).  There  is 
hypertrophy  and,  later,  dilatation  of  the  right  ventricle.  A  systolic  mur- 
mur is  audible ;  it  is  maximal  in  the  pulmonary  area,  and  is  accompanied 
by  a  palpable  thrill.  The  pulmonary  second  sound  is  feeble  or  absent 
Dyspnea  is  present  on  exertion.     The  child  has  Hippocratic  fingers. 
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All  forms  of  endocarditis  in  fetal  life  tend  to  affect  the  right  side  of 
the  heart ;  in  postnatal  life,  it  is  only  the  gonococcic  form  of  endocarditis 
that  shows  this  tendency. 
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6.    Pulmonary  Insufficiency 

This  lesion,  too,  is  often  congenital,  though,  occasionally,  it  is  acquired. 
The  mechanical  effects  on  the  right  ventricle,  here,  are  similar  to  those  on 
the  left  ventricle  in  aortic  insuflBciency.  Dilatation  and  hypertrophy  of 
the  right  ventricle  occur,  as  shown  by  percussion  and  on  x-ray  examina- 
tion. A  chimney-shaped  area  of  dullness  may  be  demonstrable  in  the 
second  and  third  left  intercostal  space,  close  to  the  sternum,  due  to  the 
dilated  pulmonary  artery.  A  loud,  aspirative,  diastolic  murmur  is  audible 
in  the  pulmonary  area  and  over  the  right  ventricle.  The  pulse  is  usually 
small  in  volume. 
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7.    Tricuspid  Stenosis 

This  is  an  extremely  rare  lesion.  It  leads,  first,  to  hypertrophy  and, 
later,  to  dilatation  of  the  right  atrium.  General  venous  stasis  develops 
early.  Enlargement  of  the  right  atrium  may  be  demonstrable  on  per- 
cussion and  on  x-ray  examination.  A  diastolic,  or  a  presystolic,  murmur 
is  audible,  sometimes  accompanied  by  a  palpable  thrill,  in  the  tricuspid 
area.  A  presystolic  wave  can  be  made  out  on  the  hepatic  pulse ;  and  a 
high  Orwave  is  seen  on  the  jugular  phlebogram  in  the  early  stages  before 
(he  atrium  is  paralyzed. 
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8.    Tricuspid  Insufficiency 

This  is  most  often  a  relative  insufficiency,  due  to  dilatation  of  the 
right  ventricle ;  occasionally,  an  insuflSciency  of  endocarditic  origin  occurs. 
Blood  regurgitates  from  the  right  ventricle  through  the  right  venous  orifice 
into  the  right  atrium  at  each  systole^  Dilatation  of  the  right  atrium  and 
atrial  paralysis  follow,  and  there  is  general  venous  stasis. 

Marked  increase  of  the  area  of  catdiac  dullness  to  the  right  can  be 
made  out,  and  there  is  broadening  of  the  heart  shadow  on  x-ray  examina- 
tion. A  systolic  blowing  murmur  can  be  heard  in  the  tricuspid  area 
and  over  the  right  ventricle ;  it  is  not  transmitted  to  the  left  beyond  the 
apex,  and  is  not  audible  in  the  axilla  or  in  the  back.  When  the  insuffi- 
ciency is  relative,  the  murmur  varies  with  the  degree  of  dilatation  of  the 
right  ventricle.  The  pulmonary  second  sound  is  feeble.  The  jugular 
phlebogram  is  of  the  "ventricular  type.*'  Enlargement  and  pulsation  of 
the  liver  can  be  made  out  The  spleen  may  be  palpable.  The  pulse  is 
small. 
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G.    Congenital  Diseases  of  the  Heart 

Pulmonary  stenosis  and  pulmonary  insufficiency,  as  congenital  lesions, 
have  been  referred  to  above  under  Valvular  Diseases. 

Persistent  ductus  arteriosus  Botalli  occurs,  usually  along  with  other 
anomalies  of  the  heart.  The  right  ventricle  hypertrophies;  a  chimney- 
shaped  dullness  can  be  made  out  to  the  left  of  the  sternum  in  the  first,  sec- 
ond, and  third  intercostal  spaces  (dilated  pulmonary  conus).    On  rontgeno- 
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Bcopy,  marked  systolic  dilatatioa  of  the  second  of  the  three  curves  on  the 
left  margin  of  the  cardiovascular  stripe  can  be  seen.  A  systolic  thrill  and 
a  systolic  murmur  are  demonstrable  over  the  pulmonary  area. 

Patent  interrentricnlar  septmn  and  patent  foramen  ovale,  are  defects 
that  rarely  occur  singly,  and  tlie  diagnosis  may  be  difficult  to  establish 
intra  vUam,    In  defect  of  the  interventricular  septum,  a  loud,  rough,  high- 
pitched  systolic  murmur,  often  obscuring  the  two  heart  sounds,  is  audible  at 
the  level  of  the  third  left  intercostal  space,  or  at  the  level  of  the  fourth 
ehondrosternal   articulation,    on 
the  same  side    (Roger) ;    it    ii 
Bometimea  audible  in  the  whole 
precordial  region.     It  is  propa- 
gated in  a  transverse  directioQ 
— never  toward  the  left  clavicle 
— a  fact  that  distinguishes  it 
from  the  murmur  of  pulmonary 
stenosis.     The  murmur  b^nB 
with  systole  and  is  audible  du^ 
ing  both  of  the  normal  sounds 
of  the  heart     A  thrill  may,  or 
may  not,  accompany  it.    Hypei^ 

Fig.  280.-Dl.tr.b«tloi.  a-d  Ch^raoter  of  th.  M.^      t^""?''?     """^     dilatation     of     the 

mnr  Due  to  •  pfttont  InterTentrlcular  Seplum      right  heart  OCCUr. 
(Roger's    MurmurJ.       (From    A.     D.     lIlrsFh-  n   i   „i    ^  7 

feider-.  "UIkuk^  o(  tbe  u<.art  aod  Aorta."  Patent  foramen  ovalo  may 

pubiiabeii   by  J.    B.   UppiDcott  Co.,   phiia-     yield  HO  physical  siGms  as  lonff 
delphlB.)  ''       ,  '   ''  ,    °  .       , 

as  The  pressure  relations  in  the 
two  atria  are  normal.  When  the  pressure  rises  in  either  atrium,  blood 
will  flow  through  the  orifice  and  may  produce  murmurs  (systolic,  dias- 
tolic, or  both).  Occasionally,  paradoxical  embolism  occurs;  by  this  is 
meant  transport  of  thrombi  from  the  body  veins  directly  into  the  general 
arterial  circulation.  Another  peculiarity  is  the  occurrence  of  a  "ven- 
tricular type"  of  jugular  phlebogram  in  mitral  insufficiency  associated 
with  patent  foramen  ovale ;  it  is  due  to  regurgitation  of  blood  from  the  left 
ventricle  into  the  left  atrium,  and,  thence,  through  the  foramen  ovale  into 
the  right  atrium,  the  vena  cava  superior  and  the  jugular  vein. 

Stenosis  of  the  Istbmiu  of  the  Aorta. — This  anomaly  is  usually  easily 
recognizable,  from 

(1)  Signs  of  dilatation  of  aorta  (dullnesa  in  the  second  and  third 
right  intercostal  space ;  high  pulsation  of  the  aorta  in  jugular  fossa ;  rela- 
tive insufficiency,  with  marked  dilatation  and  hypertrophy  of  the  left  ven- 
tricle) ; 

(2)  Marked  dilatation  and  visible  pulsation  of  the  arteries  in  the 
upper  half  of  body,  with  small,  delayed  pulse  in  the  vessels  of  the  lower 
half  of  the  body ; 
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(3)  Collateral  circulation  between 
the  upper  half  and  tlie  lower  half  of 
the  body  in  the  fonn  of  visible,  tortu- 
ona,  pulsating,  superficial  arteries  on 
the  trunk  (there  may  be  a  systolic 
thrill  and  a  murmur  in  these). 

Tranaposition  of  the  Heart  (Situ 
inversus  cordis). — Congenital  dextro- 
cardia is  usually  a  part  of  a  general 
situs  viscerum  inversus.  The  apex- 
beat  is  in  the  fifth  interco3t:d  space 
between  the  right  parasternal  and 
mammillary  lines.  The  areas  of  car- 
diac dullness,  and  the  cardiovascu- 
lar stripe  on  x-ray  examination,  pre- 
sent a  mirror  picture  of  the  normal 
relations.  The  electrocardiogram  is 
characteristic. 

Ectopia  cordis. — As  a  congenital 
anomaly  the  heart  may  be  so  displaced 
as  to  lie  no  longer  within  the  thorax. 
Thus  it  may  lie  (1)  high  up  in  the 
neck  {cervical  heart),  (3)  on  tlie  front 
of  the  cheat,  when  there  ia  fissure  of  the 
sternum  (pectoral  heart),  or  (3)  in  the 
abdominal  cavity,  when  the  diaphragm 
is  defective  (ahdominal  heart.). 


Pig.  281, — Ectopia  cordis  Secondarr  tc 
MalfarmatloD  of  the  Slemum— Pec- 
toral Heart.  (AftiT  G,  Fay.  "Arrh. 
dPS  Maladies  du  ciEur,"  published 
bj  Ballliere  et  Fllg.  Paris.) 
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H.    The  Chronic  Toxic-degenerative 

Cardiopathies 

Under  valvular  diseases  and  chronic  myocarditis,  above  described,  are 
included  the  chronic  cardiopathies  of  inflammatory  origin  (cardiopathia 
chronica  inflammatoria) ,  In  contrast  with  these  are  the  chronic  cardi- 
opathies that  are  degenerative  or  circulatory,  and  not  inflammatory,  in 
origin  (cardiopathia  chronica  degenerativa  s.  circulatoria).  This  group 
includes : 

(1)  The  atherosclerotic  cardiopathy  (C.  atherosclerotica) . 

(2)  The  fatty  cardiopathy  or  heart  of  obesity  {C.  adipositatis). 

(3)  The  nephropathic  cardiopathy  (C,  nephropathicorum). 

(4)  The  thyreotoxic  cardiopathy  (C  thyreotoxica). 

In  these  different  forms  of  myodegeneratio  cordis,  it  is  not  uncommon, 
toward  the  end,  to  see  an  atrial  fibrillation,  with  pulsus  irregularis  per- 
petuus, develop. 
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L    The  Atherosclerotic  Cardiopathy  (Gardiopathia 

atherosclerotica) 

This  may  depend  (a)  partly  upon  increased  resistance  to  the  arterial 
flow  due  to  the  sclerosis  of  the  peripheral  vessels  and  to  the  arterial  hyper- 
tension often  accompanying  it,  leading  especially  to  hypertrophy  of  the 
left  ventricle;  (b)  upon  sclerosis  of  the  coronary  arteries,  leading  to  sec- 
ondary thrombosis  of  their  smaller  branches  with  necrosis  of  the  heart 
muscle,  and,  later,  scarring;  (c)  upon  atherosclerosis  of  the  aortic  and 
mitral  valves  and  of  the  annulus  fibrosus,  the  sclerosis  and  calcification  of 
these  valves  and  of  the  fibrous  ring  leading  to  stenoses  and  insuflSciencies. 

Atherosclerotic  cardiopathies  rarely  become  noticeable  before  the  for- 
tieth year.  The  predisposing  causes  include  potatorium,  syphilis,  lead- 
poisoning  and  physical  overexertion.  The  early  hypertrophy  gives  way, 
later,  to  dilatation  and  to  all  the  signs  of  myocardial,  or  chronic  circulatory, 
insufficiency.  Marked  bradycardia,  cardiac  asthma  and  stenocardiac  at- 
tacks (angina  pectoris)  are  suggestive  of  the  atherosclerotic  heart  and 
particularly  of  the  form  due  to  coronary  sclerosis.  Sudden  death  often 
follows  upon  thrombosis  or  embolism  of  one  of  the  larger  coronary  vessels. 

The  Ilis  bundle  is  frequently  involved  in  the  atherosclerotic  cardi- 
opathy, the  lesions  revealing  themselves  by  delay  of  conduction  (or  by 
partial  or  complete  heart  block)  and  the  Morgagni-Adams-Stokes  syndrome, 

2.    The  Fatty  Cardiopathy  or  Heart  of  Obesity 

(Gardiopathia  adipositatis) 

This  is  due  to  a  marked  proliferation  of  the  epicardial  adipose  tissue 
and  a  growth  of  fatty  tissue  between  the  muscle  fibers  of  the  myocardium, 
especially  in  the  conus  of  the  right  ventricle.  The  injury  to  the  heart  is 
probably  due  less  to  the  local  fatty  infiltration  than  to  the  demands  made 
by  the  general  obesity  oi  the  body  upon  a  heart  relatively  too  small  to 
meet  them. 

The  obesity  is  usually  complicated  also  by  myodegeneratio  cordis  and 
by  atherosclerotic  lesions. 
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The  hypertrophy  and  dilatation  of  the  heart  are  best  made  out  on  x-ray 
examination,  since  obesity  interferes  with  satisfactory  percussion  and 
localization  of  the  apex  beat.  Dyspnea  on  exertion,  cardiac  asthma,  steno- 
cardiac  and  syncopal  attacks  are  common.  The  blood  pressure  is  often  ele- 
vated, especially  in  patients  with  associated  arteriolar  sclerosis. 
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3.    The  Nephropathic  Cardiopathy  (Gardiopathia 

nephropathicorum) 

{Trauhe's  Heart) 

The  nephropathic  cardiopathies  are  most  marked  in  patients  that  suffer 
from  contracted  kidneys  with  continuous  arterial  hypertension.  In  addi- 
tion to  the  hypertension  as  a  cause  of  the  heart  hypertrophy,  direct  toxic 
factors  have  to  be  considered,  since  the  hypertrophy  affects  the  whole  heart 
and  not  merely  the  left  ventricle.  Hypertrophy  of  the  adrenal  medulla 
has  been  pointed  out  recently  as  an  accompaniment  of  the  heart  hypertro- 
phy in  contracted  kidney  and  it  has  been  suggested  that  an  increased  secre- 
tion of  epinephrin  may  explain  the  arterial  hypertension.  The  proof  has, 
however,  yet  to  be  brought.  The  permanent  vasoconstriction  tends  soon  to 
be  accompanied  by  general  atherosclerosis,  which,  in  turn,  hastens  the  de- 
velopment of  myocardial  insufRciency.  The  signs  of  decompensation  of 
the  heart  begin  with  dyspnea,  malleolar  edema  and  uremic  phenomena. 
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4.    The  Thyreotoxic  Cardiopathy 
(Gardiopathia  thyreotoxica) 

There  is  every  transition  from  the  mild  tachycardia  of  slight  grades  of 
hyperthyroidism  to  the  grave  cardiopathies  with  hypertrophy,  dilatation 
and  ultimate  asystole  of  the  severer  cases.  In  every  unexplained  tachy- 
cardia, hyperthyroidism  and  thyreo-intoxication  should  be  kept  in  mind 
as  a  possible  cause.  Whether  the  thyreotoxic  substances  act  directly  ugon 
the  heart  muscle,  or  chiefly  upon  the  nervous  system  (stimulation  of  the 
accelerators)  is  not  known.  The  diagnosis  is  usually  easy.  (See  Graves's 
Disease  and  Thyreotoxicosis).  Atrial  fibrillation  may  be  a  late  phe- 
nomenon. 
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5.    Other  Forms  of  Chronic  Cardiopathy 

Under  this  designation  are  included  the  chronic  degenerative  cardi- 
opathies due  to  various  infections  and  intoxications.  Many  of  the  cases 
described  clinically  as  "chronic  myocarditis"  or  "idiopathic  heart-hyper- 
trophy" are  really  instances  of  toxic  degeneration  of  the  heart  muscle. 
The  whole  group  of  chronic  cardiopathies  depends  upon  injury  to  the  car- 
diac muscle,  the  noxa  causing  degeneration  of  the  muscle  fibers,  scar  for- 
mation, hypertrophy  of  the  remaining  fibers  and,  finally,  failure  of 
tonicity.  In  eaclf  patient  studied,  the  effort  should  be  made  to  ascer- 
tain the  various  mechanical,  infectious  and  toxic  factors  that  may  have 
been  responsible  for  the  injury  to  the  heart  muscle.  Small  foci  of  chronic 
infection  {e,  gr.,  oral  sepsis,  infected  paranasal  sinuses,  chronic  prostatitis) 
have  to  be  considered  here,  just  as  when  studying  chronic  polyarthritis. 


J.    Angina  pectoris 

(Stenocardiac  Attacks) 

Definition. — An  affection  in  which,  on  slight  exertion,  paroxysms  of 
retrosternal  or,  less  often,  precordial  pain  occur,  sometimes  extending  into 
the  left  arm,  accompanied  by  a  sense  of  constriction  due  to  contraction  of 
the  intercostal  muscles,  and  by  characteristic  mental  anxiety  or  a  sense  of 
impending  death. 
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Nature. — The  pBtbogeue«s  is  not  wholly  clear.  In  most  cases,  there  is  sclerosis 
of  the  coronary  arteries  or  a  luetic  lesion  at  the  root  of  the  aorta.  In  the  angina 
that  foUoiBs  exertion,  the  cause  is  most  often  a  narrowing  of  the  coronary  arteries 
(stenocardia);  in  the  angina  pectoris  of  decubitus,  the  cause  is  usually  an  acute 
dilatation  of  the  heart. 

Etiology. — The  causes  of  atherosclerosia  and  of  lues  must  be  looked  upOD  as 
the  causes  of  the  lesions  that  underlie  angina  pectoris.  It  is  believed  that  tobaow, 
alcohol,  tea  and  coffee,  in  excess,  may  be  important  contribnting  factors.  Qout, 
obesity,  and  infections  predispose. 

In  patients  over  45,  the  commonest  cause  of  angina  pectoris  is  atherosclerosis; 
in  younger  people,  the  condition  is  most  often  due  to  aortitis  associated  with  lues, 
rbeumstism  or  influenza. 


SymptoDU. — A  sudden  pain  is  felt  in  the  region  of  the  heart,  behind 
the  sternum,  or  in  the  epigastrium ;  it  rapidly  iucreaaes  in  violence  and 
may  he  eo  severe  as  scarcely  to  be  hearahle.  It  is  rather  vaguely  localized, 
is  cramplike  in  character,  and  often  e-ttende  down  the  medial  side  of  the 
left  arm  to  the  elhow,  wrist,  and  little  finger.  It  is  accompanied  by  great 
anxiety,  by  a  pinched  look  to  the  face,  and  a  grayish  pallor,  sometimes  hy 
lachrymation  and  sweating.  The  patient  stands  stock-still  when  attacked 
and  anxiously  awaits  the  passing  of  the  attack.  The  duration  la  from  a 
few  minutes  to  a  lialf-hour  or  longer.     Tho  attacks  nearly  always  follow 


FTg.  282.— The  SbBdod  Are*  Shows  Ihc  Dli- 
IrlbulloD  of  the  CuUneoim  Hj'peralgOBlB. 
After  the  Flral  Attark  o(  Angina  pectorla. 
(After  J.  Mackfnzlt,  -'SymptoinB  and  Their 
Interprptatlon,"  publlahed  by  Shaw  &  Sqn, 
LoDdouO 


¥\g.  283. — Alter  Repeated  Attacks  of  Angina, 
pectorii  the  Pain  and  Ilfperalgesla  Ei- 
(eoded  to  the  Reglona  Shaded  Here.  Note 
the  Area  In  (he  Keck  and  Medial  SIdo  of 
Right  Elbow.  Compare  with  the  PrecodlDC 
Illustration.  (After  J.  Mackemle,  "Sfmit- 
toms  and  Their  InterpretatioD,"  puhllBbed 
by  Shaw  &  Son,  Loudon.) 


exertion,  though  this  may  be  slight.  Many  patients  cannot  walk  a  block 
without  an  attack.  Walking  after  a  meal,  or  against  a  cold  wind,  seems 
especially  likely  to  excite  nn  attack.  Sometimes  the  increased  work  thrown 
on  the  heart  by  digestion  will  provoke  a  paroxysm. 
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Abortive  attacks  occur ;  some  of  these  are  so  slight  that  no  actual  pain 
is  experienced  {angina  sine  dolore).  The  blood  pressure  of  patients  who 
suffer  from  angina  is  often  low ; 
it  may  rise  30-60  mm.  in  an  attack,  or 
may  not  change  at  all.  Physical  ex- 
amination of  the  heart  maj  reveal  no 
abnormalities. 

Differential  Diagnosis.  —  The 
most  common  error  is  to  look  upon 
a  paroxysm  of  angina  pectoris  as 
an  attack  of  "acute  indigestion." 
Attempts  are  often  made  to  dis- 
tinguish true  angina  (angina  vera) 
from  false  angina  (angina  spuria). 

Certain     it     is     that     the     attacks     of      ^U-    as*.— Blood    Presanre   Curve    BbowlDK 
I       •        .1      .  ■  CriBefi  of  HTpertensloa  DuriaK  Attacks 

angina    vasomotoria    that    occur    in  „,    aqkidb   pecioria.     (From   a.    d 

Graves's  disease,  and  the  attacks  of  Hiracbfeiaer's  "DiMSBe*  or  tha  eemrt 

,1     ,  •  RUd   Aorta,"   publlgbed   by   J.   B.   Llp- 

angtna  nervosa  that  occur  m  young  pf^.^^  co.,  Pbiiaaeiphia.) 

women,  have  a  different  significance 

and  gravity  than  the  attacks  of  angina  pectoris  associated  with  lesions  of 

the  aorta  and  of  the  coronary  arteries.     The  aorta  should  be  examined 

rontgenologically  in  cases  of  angina  pectoris. 
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K.    Diseases  of  the  Arteries 

Certain  disturbances  of  development  have  been  referred  to  above  under 
diseases  of  the  heart.  The  most  important  arterial  diseases  met  with 
clinically  are:  (1)  atherosclerosis;  (2)  syphilitic  arteriitis;  (3)  thrombo- 
sis and  embolism;  (4)  aneurisms;  (5)  thromboangeitis  obliterans;  and 
(6)  periarteriitis  nodosa. 

L    Atherosclerosis,  or  Arteriosclerosis 

Definition. — ^A  primary  d^eneration  (atheroma  nodules,  chiefly  in  the 
intima  and  partly  in  the  media),  with  secondary  sclerotic  connective-tissue 
formation ;  a  progressive  disease,  the  commonest  and  most  varied  lesion  in 
the  vascular  system. 

Pathology. — The  disease  is  rare  before  middle  life,  but  juvenile  arterio- 
sclerosis occurs.  The  distribution  of  the  lesions  is  extremely  variable  (local 
or  general).  The  process  may  affect  the  aorta  chiefly,  or  the  peripheral 
arterial  system  chiefly,  or  it  may  be  limited  almost  entirely  to  single 
arterial  domains  (atherosclerosis  or  the  cerebral  arteries,  of  the  coronary 
arteries,  of  the  renal  arteries,  of  the  mesenteric  arteries,  or  of  the  1^ 
arteries). 

The  relation  of  the  degenerative  process  to  the  sclerotic  process  may 
vary  greatly.  When  the  former  predominates,  the  walls  of  the  artery  are 
weakened,  undergo  diffuse  dilatation,  and  are  subject  to  total  and  par- 
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tial  ruptures  (e.  g.,  of  the  cerebral  arteries).  Tbe  degenerative  process 
may  reach  the  lumen  and  break  through  {aiheromaious  ulcer)  ;  tbe  contents 
of  an  ulcer  may  be  swept  off  as  emboli,  or  may  become  the  seat  of  platelet- 
and  fibrin-deposits  (thrombosis).  An  atheromatous  ulcer  may  rupture 
externally  (hemorrhage),  or  blood  may  become  extravasated  between  tbe 
arterial  walls  (dissecting  aneurism),  especially  in  the  aorta  and  larger 
arteries. 

When  the  sclerotic  process  predominates  over  the  atheromatous,  the 
course  may  be  more  benign,  though  gradually,  through  alteration  of  the 
general  conditions  of  the  circulation  leading  to  changes  in  the  velocity  of 
the  blood  flow  and  often  to  arterial  hypertension,  great  strain  is  'thrown 
upon  the  heart  and  large  vessels. 

In  the  smaller  vessels,  the  sclerotic  process  may  take  the  form  of  an 
obliterating  endarteritis.  This,  combined  with  calcifications  of  the  media 
and  thrombosis  in  the  lumina  of  the  small  vessels,  may  cause:  (1)  gangrene 
in  the  extremities;  (2)  cerebral  softening;  (3)  myomalacia  cordis,  with 
rupture  of  the  heart ;  or  (4)  fatal  degenerations  of  the  heart  muscle  (coro- 
nary sclerosis). 

Btiology.— The  process  has  been  supposed  to  be  due  chiefly  to  chronic 
intoxications  (alcohol,  lead,  gout,  diabetes,  syphilis  and  other  infectious 
diseases,  nephritis,  adrenal  hypertrophy,  digestive  disturbances).  Cer- 
tainly, such  intoxications  may  play  a  part.  As  one's  clinical  experience 
grows,  however,  one  is  more  and  more  impressed  with  the  importance  of 
the  quality  of  tubing  a  person  starts  with,  and  the  character  of  his  endo- 
crine glands. 

Dia8:nosis. — (1)  General  Pebipheeal  Artehiosclebosis. — The 
radial,  brachial,  temporal  and  crural  arteries  are  accessible  to  palpation. 
The  arteries  roll  under  the  fingers ;  hardening  and  thickening  of  the  walls  ia 
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^msily  felt ;  the  arteries  are  elongated  and  tortuous ;  a  calcified  radial  may 
have  a  "goose-neck''  feel.  X-ray  examinations  will  reveal  the  calcified 
arteries  as  shadows.  The  blood  pressure  is  sometimes  increased ;  but  not 
always. 

(2)  Acetic  Soleecsis  ob  Centeal  Scleecsis. — This  may  oceor 
even  when  the  peripheral  arteries  are  imaffected.  The  patients  may  com- 
plain of  a  burning  feeling  behind  the  sternum  and  of  anginal  symptoms* 
Physical  examination  reveals  retrosternal  dullness ;  a  dilated  aorta  is  vis- 
ible on  x-ray  examination ;  there  is  a  ringing  aortic  second  sound ;  some- 
times, aortic  insufficiency  develops  and,  occasionally,  aortic  aneurism. 

The  most  common  form  of  sclerosis  of  the  aorta  is  one  in  which  the  atheroma- 
tous lesions  are  most  marked  at  the  level  of  the  abdominal  aorta.  In  this  portion, 
the  normal  intima  may  be  almost  entirely  replaced  by  atheromatous  ulcers  and 
calcified  atheromatous  plaques  while,  higher  up,  at  the  level  of  the  aortic  arch,  only 
a  few,  early,  smooth,  yellow  nodules  are  to  he  seen.  The  condition  is  not  usually 
discoverable  clinically.  In  other  cases,  the  upper  portion  of  the  aorta  may  be 
extensively  involved. 

(3)  Scleecsis  cf  Aeteeies  Supplying  Special  Dcmains. — ^Athero- 
sclerosis in  the  smaller  arteries  supplying  individual  organs  disturbs  their 
nutrition  and  may  give  rise  to  important  symptoms. 

(a)  Cerebral  Atherosclerosis. — This  is  common  after  the  sixtieth  year. 
The  patients  complain  of  headache,  of  an  indescribable  "numb  feeling'' 
in  the  head,  of  vertigo  and  of  depression.  After  a  time,  cerebral  apoplexy, 
or  softening  due  to  thrombosis,  causes  paralysis,  aphasia,  apraxia,  etc 
Ophthalmoscopy  reveals  retinal  atherosclerosis.  Mental  reduction  is  com- 
mon (atherosclerotic  dementia).    See  Part  XII. 

(6)  Coronary  Sclerosis. — This  has  been  referred  to  under  diseases  of 
the  heart  (q,  v,), 

(c)  Renal  Atherosclerosis. — This  leads  to  the  atherosclerotic  con- 
tracted kidney  when  the  larger  renal  vessels  are  involved,  or  to  hj^rten- 
sive  nephropathy  when  the  small  arterioles  are  diffusely  involved  (see 
Part  X). 

(d)  Atherosclerosis  of  the  Mesenteric  Vessels. — This  may  give  rise 
to  attacks  of  violent  colic  with  meteorism  (dyspraxia  intermittens  athero- 
sclerotica  or  angina  abdominis).  If  the  vessels  supplying  the  pancreas 
are  involved,  pancreatic  atrophy  may  result  (diabetes,  or  pancreatic 
hemorrhage). 

(e)  Atherosclerosis  of  the  Arteries  of  the  Lower  Extremity. — The 
patients  may  be  comfortable  when  resting,  but  feel  pain  and  weakness  on 
walking.  They  begin  to  limp  and  soon  have  to  sit  do%vn  and  rest  (intermit- 
tent claudication  of  Charcot ;  dysbasia  intermittens  angiosclerotica  of  Erb). 
The  foot  becomes  pale  in  the  attack  and  the  pulse  disappears  in  the  foot 
The  symptoms  are  probably  due  to  a  tonic  spasm  of  the  diseased  v^sels 
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(vascular  crises  of  Pal) .    If  the  lumen  of  a  peripheral  artery  be  completely 
obliterated,  gangrene  results  (senile  gangrene,  diabetic  gangrene,  etc.). 
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2.    Syphilis  of  the  Arteries 
(Arteriitis  syphilitica) 

The  most  important  of  the  infectious  diseases  of  the  blood  vessels  is 
syphilis.  The  veins  and  lymph  vessels  may  be  affected  in  all  stages  of 
the  disease;  syphilitic  arteriitis  is  most  common  in  tertiary  lues,  though 
it  may  occur  within  six  months  after  infection.  The  arteries  at  the  base 
of  the  brain  are  especially  predisposed  to  involvement,  and  the  adjacent 
arachnoid  is  nearly  always  simultaneously  diseased  (distinguished  from 
atherosclerosis). 

The  ascending  aorta  is  very  frequently  involved  (mesaortitis  produo- 
tiva  syphilitica).  There  is  frequent  involvement  of  the  orifices  of  the 
coronary  arteries,  with  angina  pectoris.  Aneurismal  dilatation  of  the  aorta 
is  common  between  the  thirty-fifth  and  the  forty-fifth  years  of  life.  Symp- 
toms of  aortic  syphilis  resemble  those  of  atherosclerosis  of  the  aorta,  but 
they  appear  earlier  in  life,  though  often  years  after  the  external  symp- 
toms of  syphilis  have  disappeared.  The  Wassermann  reaction  is  usually 
positive,  and  is  a  great  help  in  recognition. 

Patients  with  syphilis,  especially  with  congenital  syphilis,  show  a  defi- 
nite tendency  to  early  general  atherosclerosis  of  a  non-specific  type.  The 
radials  feel  like  rubber  tubes.  In  any  young  person  showing  general 
arteriosclerosis,  syphilis  as  an  etiological  factor  should  be  strongly  sus- 
pected.    (Nonne.) 
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True  syphilitic  arteriitis,  as  at  present  recognized,  is  less  widely  generalized. 
It  is  usually  seen  as  a  process  localized  in  the  aorta  or  in  the  cerebral  vessels;  very 
often,  it  may  be  active  in  both  situations  in  the  same  patient. 

In  the  smaller  arteries,  infiltration  about  the  vasa  vasorum,  in  the  media 
{tnesarteritis) ,  and  in  the  adventitia  (periarteritis) ^  leads  to  disturbances  of  nutri- 
tion of  the  vessel  wall.  A  compensatory  proliferation  of  the  intima  occurs 
(obliterative  endarteritis) ',  and  complete  occlusion  of  the  vessel  by  thrombosis  is  the 
usual  end-result. 

In  larger  arteries,  especially  in  the  aorta,  an  infiltration  of  the  media  and 
adventitia  occurs  in  circumscribed  patches  in  the  wall.  Destruction  of  muscle- 
fibers  and  elastic  tissue  is  found  in  such  areas,  with  substitution  of  granulation 
tissue  (mesaortitis  productiva).  The  media  undergoes  compensatory  proliferation. 
As  retraction  of  the  granulation  tissue  in  the  media  occurs,  the  intima  is  drawn 
down.  It  is  this  process  that  gives  these  patches  of  syphilitic  aortitis  their 
characteristic  wrinkled  or  puckered  appearance.  The  destructive  processes  in  the 
media  result  in  thinning  and  weakening  of  the  vessel  wall;  the  ultimate  result  of 
this  is  a  general  dilatation  of  the  vessel,  or,  in  some  cases,  the  production  of  a  true 
aneurism. 

In  both  smaller  and  larger  vessels,  the  infiltrative  process  may  assume  the 
form  of  true  gummatous  nodules.  The  Treponema  has  been  demonstrated  in 
these  lesions. 

Syphilis  of  the  Aorta. — Syphilitic  aortitis  (Heller-Dohle)  shows  a  marked 
tendency  to  locaUzation  at  the  root  of  the  aorta,  in  contradistinction  to  the  usual 
aortic  atherosclerosis,  which  is  chiefly  developed  in  the  aorta  descendens  (Monke- 
berg).  It  is  most  common  in  the  later  stages  of  syphilis.  It  is  not  usually  dis- 
covered cUnically  until,  by  its  extension,  complications  are  produced,  the  symp- 
toms of  which  are  more  obvious.  Such,  in  order  of  frequency,  are:  (1)  involve- 
ment of  the  aortic  valves  (aortic  insufficiency)  (g.  17.) ,  (2)  aneurism  formation, 
(3)  extension  to  the  coronary  arteries   (stenocardiac  attacks). 

It  is  important  to  recognize  aortic  syphilis  earlier,  before  the  occurrence  of 
these  complications.  It  should  be  looked  for  in  every  case  of  syphilis  of  more 
than  a  few  months'  standing.  The  dilatation  of  the  ascending  aorta  can  often  be 
suspected  from  the  presence  of  retro-  and  parasternal  dullness  at  the  level  of  the 
first  to  the  third  interspace.  The  rontgenoscopic  examination  gives  more  definite  in- 
formation. It  is  often  combined  with  some  hypertrophy  of  the  left  heart  even 
before  any  valvular  lesion  can  be  discovered.  A  moderate  hypertension  is  common. 
This  condition,  in  a  patient  below  46  and  without  nephritis,  should  in  itself  be 
considered  very  suspicious  of  vascular  syphilis.  A  history  of  luetic  infection,  or 
a  positive  Wassermann,  are  valuable  for  confirmation.  Babinski  states  that  in 
cases  of  syphihtic  aortitis  the  slowing  of  the  heart  that  is  a  normal  reflex  response 
to  pressure  on  the  eyeballs  is  absent.  Serological  or  clinical  evidence  of  coincident 
luetic  cerebral  endarteritis  is  present  in  a  high  percentage  of  cases  of  syphiHtio 
aortitis. 

Syphilis  of  Cerebral  Arteries. — ^Two  chief  forms  are  described.  Heubner's 
endarteritis  of  the  larger  arteries  of  the  base  of  the  brain  leads  more  commonly 
to  partial  or  complete  obliteration  of  the  vessel  lumen  with  resultant  atrophies 
or  softening  of  corresponding  portions  of  the  brain.  Hemiplegias,  aphasias,  etc, 
are  the  common  clinical  results.  (In  some  cases,  the  diseased  vessel  ruptures  and 
an  apoplexy  occurs.)  At  times,  however,  aneurism  formation  occurs  in  the  course 
of  one  of  these  cerebral  arteries.  Such  luetic  aneurisms  are  usually  single  and 
large  as  opposed  to  the  numerous  miliary  aneurisms  on  atherosclerotic  vessels*  The 
symptoms  are  those  of  cerebral  tumor. 
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Nissl  and  Alzheimer's  endarteritis  of  the  smaller  vessels  o£  the  brain  is  believed 
by  these  authors  to  be  the  commonest  cause  of  syphilitic  epilepsy. 
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3.    Aneurisms 

Definition. — ^An  aneurism  is  a  chronic  dilatation  of  the  lumen  of  an 
artery  with  new  formation  of  the  wall,  thus  differing  from  mere  ectasia 
of  an  artery  (dilatation  through  stretching  of  an  atrophic  wall)  and  from 
an  intra-  or  extramural  hematoma  (communication  of  the  lumen  of  the 
artery  with  another  blood  cavity  through  a  ruptured  wall). 

Varieties. — ^An  aneurism  may  be  circumscribed  or  diffuse.  Circumr 
scribed  aneurisms  may  be  saccular,  circular,  boat-shaped  or  funnel-shaped. 
The  diffuse  aneurisms  may  be  spindle-shaped  or  cylindrical. 

A  dissecting  aneurism  develops  through  the  rupture  of  the  inner  and 
middle  coats  and  the  spread  of  the  blood  for  long  distances  between  them 
and  the  outer  coat  of  the  vessel ;  it  would  be  better  described  as  an  intra- 
mural hematoma. 

Sites. — An  aneurism  may  occur  in  any  artery  in  the  body.  It  is  most 
common  in  the  ascending  aorta  and  in  the  aortic  arch.  Popliteal  aneurisms 
are  common.  In  the  viscera,  aneurisms  are  not  uncommon  in  the  cerebral, 
pulmonary,  and  splenic  arteries.  They  are  more  rarely  found  in  the 
mesenteric  and  the  coronary  arteries.  The  so-called  miliary  aneurisms 
on  the  cerebral  arteries  are  not  true  aneurisms  but  are  small  hemorrhages 
into  the  arterial  sheaths.  In  the  peculiar  disease  known  as  periarteritis 
nodosa  (q,  v.)  a  very  large  number  of  aneurisms  of  the  small  arteries  are 
met  with.    The  nature  of  this  disease  is  obscure. 

Size. — An  aneurism  may  be  microscopic  in  size,  or,  in  the  aorta,  may 
be  as  large  as  a  child's  head.     (Fig.  287.) 

Walls. — The  wall  of  the  aneurism  always  shows  a  break  in  the  continiiity  in 
the  coats  of  the  artery.  In  circumscribed  aneurisms,  these  breaks  are  at  the 
margin  of  the  dilatation.  In  diffuse  aneurisms  there  are  many  smaller  breaks 
intercalated  among  islands  of  fairly-normal  lamellated  wall.  The  breaks  affect 
the  elastic  lamellae  predominantly,  but  the  connective  tissue  and  muscle  coats  are 
also  interrupted.    As  a  rule,  the  intima  breaks  first,  then  the  media,  and,  lastly,  the 
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adrentitia.  The  lacunae  due  to  the  breaks  are  filled  up  in  all 
aneurisms  with  new  connective  tissue.  Owing  to  the  changes 
in  the  wait,  this  yields  to  the  blood  pressure,  which  causes  a 
bulging.  If  new  connective  tissue  be  formed  in  sufficient 
amounts,  rupture  may  be  long  postponed.  Most  aneurisms  are 
progressiTe,  though  in  rare  instances  they  become  stationary. 

Etiology. — The  causes  are  manifold  (trauma,  ather- 
osclerosis, gummatous  syphilitic  arteritis,  aud  other  in- 
fectious forma  of  arteritis).  Lues  is  hy  far  the  most 
common  cause  of  aneurism  of  the  aorta.     (Fig.  286.) 

Complicatioiu. — Aneurisms  may  invade  neighbor- p     ass  —  Tceponema 
ing  organs  (adhesions,  erosions,  compressions),  and  may       pallidum   rrom   tbe 
finally  rupture  externally,  or  into  a  body  cavity  or  a 
canal.     Eupture  into  a  vein  causes  varicose  aneurism.      and  Richsrdsi 

A.  D.  nirgchfeiaer-B 

(o)    Anemt«n  or  the  Thorocic  Aort„  h»7"T.«  aJ.'- 

The  most  common  cause  is  syphilis.  Most  cases  of  lippIdcou  co.) 
aortic  aneurism  are  to  be  looked  upon  as  complica- 
tions of  a  prei'xisting  syphilitic  aortitis  by  which  the  wall  of  the  aorta  has 
been  weakened  {vide  supra).  These  aneurisms  are  frequently  fusiform, 
hut  clinically  tbe  most  common  form  is  tbe  saccular.  The  symptoms  and 
signs  of  aortic  aneurism  vary  markedly  with  tlie  site  of  the  aneurism,  in 
the  ascending,  transverse,  or  descending  portions  of  the  arch  of  tbe  aorta  or 
in  the  descending  aorta. 

In  cases  of  aneukism  of  the  ASCKSniNa  poktion  of  the  arch  the 


n   or  I 
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physical  signs  are  usually  more  prominent  than  the  symptoms.  The  aneu- 
ristn  tends  to  grow  into  the  right  pleural  cavity  reaching  the  chest  wall 
usually  in  the  second  or  third  interspace  where  pulsation  is  early  to  be 
made  out  on  inspection.  On  palpation,  this  pulsation  is  felt  to  be  expan- 
sile in  character.  A  thrill  and  diastolic  shock  are  often  felt  over  this  area. 
A  loud  aortic  second  sound  is  heard  on  auscultation.  An  aortic  systolic 
murmur  is  common  and  a  diastolic  murmur  is  present  when  the  aortic 
valves  have  been  involved  by  the  luetic  process.  An  abnormal  area  of 
dullness  is  made  out  above  and  usually  somewhat  to.  the  right  of  the  cardiac 
dullness.  The  left  border  of  the  heart  is  usually  forced  to  the  left  of  the 
mammillary  line.  The  chief  symptom  associated  with  this  type  of  aneu- 
rism is  the  pain  resulting  usually  from  pressure  on,  and  erosion  of,  the  an- 
terior chest  wall.  In  time,  a  large  tumor,  projecting  from  the  chest  wall, 
may  result  from  such  erosion.  Anginal  pain  may  likewise  resuU  from  in- 
volvement of  the  orifices  of  the  coronaries.  Pressure  on  the  superior  vena 
cava  may  cause  engorgement  of  the  vessels  of  the  head  and  arms.  Hoarse- 
ness may  be  caused  by  injury  to  the  right  recurrent  laryngeal  nerve. 

In  ANEURISM  OF  THE  TRANSVERSE  AND  DESCENDING  ARCH  of  the  aortfl 

symptoms  arising  from  pressure  are  more  prominent  than  physical 
signs.  Small  aneurisms  in  this  location  may  cause  symptoms  by  pres- 
sure, when  yielding  no  signs  on  palpation,  percussion,  or  auscultation. 
They  tend  to  grow  posteriorly,  but  may  point  against  the  anterior  cheSl 
wall  in  the  midline  or  to  the  right  of  the  sternum.  In  some  cases,  they 
form  pulsatile  tumors,  posteriorly,  in  the  left  interscapular  region.  In- 
volvement of  the  large  arteries  given  off  from  the  arch  may  cause  inequality 
in  the  radial  pulses,  due  to  retardation,  or  diminished  volume,  on  one  side. 
A  distinct  pulsatile  downward  jerk  may  be  transmitted  to  the  trachea 
(tracheal  tug),  '  Pressure  on  the  sympathetic  may  lead  to  iuequality  of  the 
pupils.  The  commoner  symptoms  are  cough  (often  l^rassy  i^i  chajracter), 
bronchbrrhea,  and  fever,  due  to  compression  of  a  bronchus  (usually  the 
left) ;  hoarseness,  or  aphonia,  due  to  pressure  on  the  left  recurrent  laryn- 
geal nerve ;  pain  due  to  erosion  of  the  vertebrae;  or  of  the  posterior  or  ante- 
rior chest  w^ll ;  dysphagia,  from  pressure  on  the  esophagus.. 

Aneurisms  of  the  descending  thoracic  aorta  are  often  latent 
They  may  give  rise  to  pressure  effects ;  pain  due  to  erosion  of ,  the  vertebrae 
(often,  when  involving  the  nerve  roots,  this  pressure  causes  intercostal  neu- 
ralgia);  dysphagia;  symptoms  and  signs  of  pulmonary  compression. 

(6)    Diagno8i$  of  Aortic  Aneurism 

It  should  be  suspected  and  looked  for  in  every  patient  that  'has  had 
syphilis,  especially  when  .oppression,  in  the  x^heat,,  intercostal  ueuralgia, 
hoarseness,  or  difficulty  in  swallowing  are  complained  of.  If  there  be 
any  suspicion  of  the  existence  of  an  aortic  aneurism,  a  thorough  x-ray 
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examiuatioB  (rSntgenoacopy)  should  be  made.  If  an  aortic  aneurigm 
exists,  an  abnormal,  dark,  pulsating  shadow  will  be  recognized.  The 
borders  of  the  shadow  are  sharply  circumscribed.  The  expansile  pulsa- 
tion, if  seen  in  two  different  spots  of  the  same  shadow,  can  be  r^arded 
aa  pathognomonic.  The  rontgenoseopic  examination  should  be  made  not 
only  in  the  sagittal  direction,  but  also  with  oblique  transillumination.  With 
rontgenography,  a  permanent  record  may  be  made.     (Figs.  288  and  289.) 


Physical  Signs. — Visible  pulsation  is  met  with  in  the  first,  second  or 
third  right  or  left  intercostal  space;  on  palpation,  pulsation  may  be  ex- 
pansile and  accompanied  by  thrill  and  by  diastolic  shock.  If  adherent  to 
the  trachea,  a  distinct  tracheal  tttg  may  be  felt  when  the  fingers  are  pressed 
under  the  cricoid  when  the  patient  sits  up  with  his  headi  thrown  slightly 
backward  (Oliver-Cardarelli  sign).  Among  the  other  important  signs  are 
dilatation  of  the  superficial  veins  of  the  chest  or  in  front  of  one  shoulder, 
dislocation  of  the  trachea,  inequality  of  the  pupils,  paralysis  of  left  N. 
recurrens  (hoarseness,  brassy  cough,  laryngoscopio  examination),  dyspnea, 
dysphagia,  and  inequality  of  the  two  radial  pulses.     A  systolic  murmur,- 
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sometimes  also  a  diastolic,  may  be  audible  over  the  aneurism.  The  left 
ventricle  is  not  hypertropliied  in  aneurism,  unless  there  be  accompany- 
ing aortic  insufficiency  or  other  special  cause. 


f  DeacendiDg  Portion  of  Arch  of  Aorta.     (X-r»j  D«pL,  J.  H.  H.) 

(e)    Aneuriam  of  the  Abdominal  Aorta 

These  aneurisms  are  rare  in  comparison  with  those  of  the  thoracic 
aorta.  The  commonest  site  of  occurrence  is  in  the  epigastric  region.  Gas- 
tric symptoms,  especially  vomiting,  are  frequent.  More  characteristic  are 
severe  neuralgic  pains  in  the  back,  often  radiating  to  the  legs.  Paraplegia 
may  occur.  In  these  cases  erosion  of  the  vertebrae  has  occurred.  Large 
retroperitoneal  masses  may  be  formed  by  infiltration  of  the  tissues.  In 
these  masses,  which  are  largely  composed  of  laminated  clot  honeycombed 
with  hlood  spaces,  little  or  no  pulsation  may  be  evident.  The  diagnosis  is 
less  difficult  where  a  definite  saccular  tumor  with  expansile  pulsation  can 
be  isolated,  on  palpation.  Thrills  and  murmurs,  both  systolic  and  diastolic, 
may  be  made  ont  over  such  tumors.  The  throbbing  abdominal  aorta,  often 
found  in  neurasthenia,  should  not  lead  to  errors  in  diagnosis,  since  the  pul- 
sation can  be  traced  the  length  of  the  aorta  and  no  localized  tumor  is 
present. 

(d)    Diagnoaig  of  AnettrUnu  of  the  Pulmonary  Artery 

The  mass  may  cause  bulging,  pulsation,  systolic  thrill  and  dullness 
in  the  second  and  third  left  intercostal  space  and  behind  the  stemimi.    A 
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systolic  murmur  is  audible.  The  signs  are  similar  to  those  yielded  by 
aneurism  of  the  aorta.  The  murmurs  of  aortic  aneurism  are,  however, 
propagated  into  the  carotid  arteries ;  those  of  pulmonary  aneurism  are  not. 
Moreover,  aneurism  of  the  pulmonary  artery  does  not  affect  the  radial  or 
the  femoral  pulse. 

(e)    Arteriovenous  Aneurisms 

In  these  cases,  an  abnormal  communication  exists  between  an  artery 
and  a  vein.  The  etiological  factor  is  usually  trauma.  The  condition  is 
accordingly  found  most  often  in  the  extremities.  Rupture  of  an  aneurism 
of  the  ascending  portion  of  the  arch  of  the  aorta  into  the  superior  vena 
cava  has  been  observed  in  a  number  of  cases.  There  is  cyanosis  of  the 
upper  half  of  the  body  and,  often,  edema  in  the  same  area.  In  such  cases, 
too,  the  ventricular  type  of  jugular  phlebogram  is  seen.  Pulsation,  marked 
venous  engorgement,  palpable  thrill,  and  a  continuous  loud  murmur  with 
systolic  intensifications,  are  characteristic  of  all  cases  of  arteriovenous 
aneurism. 
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4«    Thrombosis  and  Embolism 

Thrombi  or  emboli  lead  to  occlusion  of  vessels  and  anemia  (when  end- 
arteries,  necrosis)  o£  the  parts  they  supply.  Thus  arise  infarctions  of  the 
lung,  heart,  brain,  spleen,  kidney  and  intestine  (see  these  organs). 
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3.    Thromboan^itis  obliterans 

Definition. — A  condition  in  which  parietal,  red  thrombi  occur  in  the  blood 
vessels,  especially  in  the  arteries  of  the  lower  extremities,  though  the  veins  may 
also  be  involved. 

Incidence. — The  process  is  much  more  common  in  males  than  in  females.  It 
is  a  disease  of  middle  life,  and  is  especially  common  in  Jewish  people.  For  full 
description,  see  the  papers  of  Leo  Buerger  of  New  York. 
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6.    Periarteritis  nodosa 

Definition. — A  disease  characterized  by  inflammatory  infiltrations  and  fibrinous 
deposits  beginning  in  the  media  and  adventitia  of  the  mediumnsizcd  arteries  (espe- 
cially the  coronaries  and  mesenteric) ;  minute  aneurisms  are  formed  and  become 
thrombosed;  sometimes,  marked  proliferation  of  the  intima  also  occurs  (Verse). 

Etiology. — This  is  not  yet  clear,  though  lues  and  other  infectious  processes 
have  been  held  responsible. 

Symptoms. — These  vary  according  to  the  arteries  predominantly 
aflfected,  since  the  blood  supply  is  partly  cut  off  in  the  domains  of  dis- 
tribution of  the  diseased  vessels.     Among  the  symptoms  described  are 
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hemorrhage  from  the  intestines  and  kidneys,  cerebral  hemorrhage,  paral- 
ysis, muscular  pains,  and  severe  anemias.  The  disease  is  fatal  in  a  few 
weeks,  though  a  patient  may,  sometimes,  recover  after  vigorous  antiluetic 
treatment. 

There  is  outspoken  tachycardia,  but  no  fever.  When  palpable  vessels 
are  involved,  the  nodules  may  be  felt  in  their  course. 

Diagnosis. — This  can  only  occasionally  be  made  during  life,  when  the 
symptoms  above  described  are  prominent  and  nodules  are  palpable  on 
the  peripheral  arteries. 
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L.    Diseases  of  the  Veins 
L    Phlebitis  and  Thrombophlebitis 

Definition. — ^An  inflammation  of  the  walls  of  the  veins,  often  leading 
to  thrombosis. 

Etiology. — Nearly  always,  the  disease  is  due  to  bacterial  infection 
(streptococci).  Infection  may  occur  by  direct  extension,  or  it  may  be 
hematogenous  or  lymphogenous  in  origin.  A  peculiar  luetic  phlebitis  is 
also  described  (B.  Hoffmann). 

Sjrmptoms. — In  the  superficial  veins,  there  is  redness  in  the  skin  over 
the  vein,  and  a  tender  cord  is  palpable  where  the  deep  veins  are  involved. 
The  symptoms  are  vague  at  first  (burning,  formication,  itching)  ;  later, 
intense  boring  pains  may  develop.  Swelling  and  redness  of  the  neighbor- 
ing tissues  appear.  The  danger  of  embolism  is  great,  unless  the  part  be 
kept  at  rest. 

Thromboses  may  form  and  may  extend  into  the  larger  veins,  even  to 
the  vena  cava. 

Thrombophlebitis  is  common  after  childbirth  (phlegmasia  alba  dolens) 
and  in  typhoid  fever.  There  is  a  form  of  recurring  thrombophlebitis  that 
occurs  in  women,  attacking,  successively,  the  veins  in  different  parts 
of  the  body ;  it  is  a  grave  malady. 
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I. — Diagram  of  ■   Case  of  Intent  Caarar  of 

■be  Stomach  with  Mu tuple  Thrombi  In  the  Velna. 
{After  W.  Osier  and  T.  UcCrae.  "Cancer  o(  the 
Btomarh,"  publlgbed  br  P.  Blaklstoa'a  Bona  Co^ 
Pblladelphla.} 

2.    Varicose  Veins 

Definition. — Varix  is  a  pathological  dilatation  of  a  vein. 

Etiology. — Mechanical  factors,  obstructing  the  venona  flow,  are  nsnally 
responsible.  Varicose  veins  of  the  legs  may  be  due  to  wearing  tight  garters 
or  to  pressure  on  the  veins  within  the  abdomen  (pregnancy,  tumors)  or 
to  occupations  requiring  long  standing.  Varicose  veins  of  the  esophagus 
may  be  due  to  the  formation  of  a  collateral  circulation  after  portal  obstruc- 
tion (oirrhosis  hepatis). 

Symptoms. — In.  the  legs,  the  enlarged  and  tortuous  veins  appear  as 
prominent  swellings,  and  the^  may  he  painful,  especially  on  long  stand- 
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ing.    Pigmentations  and  atrophy  of  the  skin  accompany  th^n^  and  often 
"varicose  ulcers." 

Varicosities  of  the  hemorrhoidal  veins  are  known  as  piles  or  hemor- 
rhoids. They  may  cause  great  discomfort  (itching,  pain,  hemorrhage). 
In  esophageal  varix,  profuse  hemorrhage  is  not  uncommon  and  may  first 
lead  one  to  suspect  a  cirrhosis  of  the  liver.    (See  Part  VIII.) 

3.    Phlebosclerosis 

The  walls  of  the  veins  are  sometimes  palpably  thickened,  a  process  akin  to 
atherosclerosis.    The  condition  is,  as  yet,  of  but  Uttle  clinical  importance. 
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Actinomyces,  in  lung,  647. 

in  sputum,  539. 
Actinomycosis,  diagnosis  of,  327. 

generalized,  327. 
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of  the  intestines,  327* 
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oral,  327. 
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A^e-cake,  355. 
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inspired   and   expired,   determination  of 
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reserve,  489. 
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Air-hunger  of  Kussmaul,  484. 
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and  aviators,  456. 
Alcoholism  and  tuberculosis,  280. 
Aleppo  boil,  344. 
Alexins,  106,  115. 
AUergy,  109,  122. 

characters  of,  125. 

theories  of,  130. 
Alopecia  syphilitica,  372. 
Alpha  interval,  in  electrocardiogram,  786. 
Altitude,  as  a  factor  in  certain  diseases, 
456, 


Amboceptor,  112. 

hemolytic,  114. 
Ameba  coli,  332. 
Ameba  dysenteriae,  332. 
Amebae,  97,  332. 
Amebiasis,  human,  332. 
Amebic  abscess  of  the  liver,  333. 
Amebic  dysentery,  332. 
Amebic  pyorrhea,  334. 
Amino-acid  crystals  in  sputum,  537. 
Amphibolous  stage  of  fever,  136. 
Amphoric  echo,  520. 
Amphoric  sound,  503. 
Amphorophony,  517. 
Anamnesis,  7,  21. 

Anaphylactic  reaction,  symptoms  of,  125. 
Anaphylactic  test  for  protein   (PfelfTer), 

179. 
Anaphylaxis,  122. 

active,  125. 

clinical  conditions  due  to,  126. 

passive,  125. 
Anderson  and  Goldberger's  test  in  typhus 

fever,  304. 
Anerg^,  125. 

Aneroid  manometers,  795. 
Aneurism,  of  abdominal  aorta,  916. 

arteriovenous,  917. 

dissecting,  905,  912. 
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diagnosis  of,  914. 
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diffuse,  912. 
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so-called   miliary,   on   the   cerebral  ar- 
teries, 912. 
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Angina,  streptococcal,  190. 
Angina  nervosa,  903. 
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definition  of,  901. 

differential  diagnosis  of,  903. 
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Angina  pectoris,  etiology  of,  902. 

nature  of,  902. 

symptoms  of,  902. 
Angina  sine  dolore,  903. 
Angina  spuria,  903. 
Angina  vasomotoria,  903. 
Angina  vera,  903. 
Angiology,  clinical,  695. 
Angiomata  of  the  larynx,  585. 
Angioneurotic  edema,  19. 
Animal  inoculations,  149. 
Anopheles  mosquito  as  a  carrier  of  mala- 
ria, 349. 
Anthracosis,  of  lung,  646. 
Anthrax  bacillus,  214. 

diseases  due  to,  214. 
Anthrax  carbuncle,  214. 
Anthrax  edema,  214. 
Anthrax,  human,  214. 

Intestinal,  214. 

pulmonary,  214. 
Anthrax  septicemia,  214. 
Antianaphylaxis,  125. 
Antibodies,  bacteriogenic,  102,  109. 
Antibody  formation,  theories  of,  110. 
Antiferments,  109,  122. 
Antiformir  method,  86,  144. 
Antigens,  102,  109. 
Antihemolysins,  115. 
Antitoxins,  107,  109,  111. 
Antritis,  maxillary,  565. 
Antrum  disease,  565. 
Aorta,  abdominal,  aneurism  of,  916. 

cinematography  of,  753. 

dynamic,  768. 

pulsations  over,  764. 

rontgenoscopy  of,  753. 

stenosis  of  the  isthmus  of,  896. 

syphilis  of,  910. 

thoracic,  aneurism  of,  913. 
Aortic  insufficiency,  890. 

hypertension  in,  807. 
Aortic  stenosis,  889. 
Apex-beat  of  heart,  758. 

graphic  curves  of,  760. 

position  of,  702. 
Aphonia,  471. 

hysterical,  582. 
Apnea,  484. 
Argyria,  16. 
Arhythmia,  720. 

cardiac,  common  examples  of,  826. 

cardiac,  classification  of,  821. 

dependent  upon  abnormal  premature  im- 
pulses arising  in  the  heart,  829. 

extrasvstolic,   829. 

perpetual,  771,  842. 

sinus,  826,  827. 
Arterial  hypertension,  chronic,  806. 
Arteries,  auscultation  of,  743. 

cerebral,  svphilis  of,  910. 

diseases  of,  904. 

pulse  in,  769,  770. 

subcutaneous,  pulsation  of,  18. 

syphilis  of,  909. 
Arteriograms,  746,  773. 


Arteriosclerosis,   904.     See   also   Athero- 
sclerosis, 
hypertension  in,  807. 
Arteriovenous  aneurisms,  917. 
Arteritis  syphilitica,  909. 
Artery,  pulmonary,  embolism  of,  640,  641, 
642. 
diagnosis  of,  641,  642. 

Zptoms  of,  640,  641,  642. 
»mbosis  of,  643. 
Arthralgia,  in  caisson  disease,  455. 
Arthritis,  chronic  streptococcal,  196. 

meningococcal,  209. 

syphilitic,  374. 

tuberculous,  270. 
Arthropoda,  97. 
Ascomycetes,  319. 
Asiatic  cholera,  297. 
Aspergillosis,  308. 

of  the  lung,  633. 
Aspergillus,  307. 

in  lung,  647. 

in  sputum    539. 
Aspergillus  navus,  307. 

lumigatus,  307. 

nidulans,  307. 

pictor,  309. 
Aspiration,  in  pleural  effusion,  69. 
Asthma,  486. 

bronchial,  486,  590. 
definition  of,  590. 
diagnosis  of,  591. 
etiology  of,  590. 
symptoms  of,  590. 

cardiac,  486. 

nasal,  590. 

nervous,  590. 

sexual,  590. 

uremic,  486. 

wet,  in  chronic  bronchitis,  589. 
Asthmogenic  substances,  590. 
Atelectasis,  634. 

acquired,  634,  635. 

compression,  635. 

congenital,  634. 

definition  of,  634. 

diagnosis  of,  635. 

etiology  of,  634. 

due  to  feeble  contraction  of  the  muscles 
of  inspiration,  634. 

marantic,  634. 

of  the  new-bom,  635. 

stenotic  or  obstructive,  635. 

symptoms  of,  635. 
Atelosaccharomycoses,  312. 
Atheromatous  ulcer,  905. 
Atherosclerosis,  904.      (See  also  Arterio- 
sclerosis.) 

definition  of,  904. 

diagnosis  of,  905. 

etiology  of,  905. 

pathology  of,  904. 
Atherosclerotic  cardiopathy,  899. 
Atmospheric  pressure,  diseases  due  to  al- 
terations of,  454. 
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Atrial    (or    auricular)    fibrillation,    779, 

820,  839. 
Atrial  (or  auricular)  flutter,  826,  844. 
Atrial  hypertrophy,  869. 
Attitude,  11. 
Auscultation,  24. 

of  breath  sounds,  617. 

of  lungs,  513. 
Auscultation  sites  for  heart  valves,  719. 
Autoscopy  of  Kirstein,  472. 
Aviators,     air-pressure     diseases     among, 
456. 


B 


Babinski's    phenomenon    of    the    toes    in 
epidemic    cerebrospinal    menin- 
gitis, 208. 
Baccelli's  sign,  516,  659. 
Bacillary  dysentery,  252. 

chronic  form  of,  253. 
Bacilli,  diseases  due  to,  213. 
Bacillus  aerogenes  capsulatus,  215. 
anthracis,  214. 
of  Bordet  and  (jengou,  221. 

diseases  due  to,  221. 
cholerae  asiaticae,  296. 
coli,  in  bronchopneumonia,  608. 
diphtheriae,  254. 
cultures  of  255. 
of  Ducrey,  diseases  due  to,  254. 
dysenteriae,   229,  252. 
fecalis  alcaligenes,  229. 
Gartner's,  229. 
of  green  pus,  261. 
of  hog-cholera,  229. 
influenzae,  219. 

in  bronchopneumonia,  608. 
lactimorbi,  299. 
leprae.  292. 

of  malignant  edema,  215. 
mallei,  261. 

diseases  due  to,  261. 
of  milk  sickness,  diseases  due  to,  299. 
of  mouse  typhoid,  229. 
mucosus  capsulatus,  597. 
of  paratyphoid,  229,  248. 
paratyphosus,  diseases  due  to,  248. 
pestis,  225. 

in  bronchopneiunonia,  608. 
phlegmonis  emphysematosae,  215. 
prodigiosus,  16. 

proteus  vulgaris,  diseases  due  to,  300. 
pyocyaneus,  diseases  due  to,  261. 

human  infections  due  to,  261. 
of  rhinoscleroma  (von  Friscb),  213. 
of  soft  chancre,  254. 
tetani,  216. 
tuberculosis,  263,  614. 
tularense,  226. 
typhosus  (Eberth-GaflTcy),  228. 

gastroenteritis  due  to,  243. 
typhi  exanthematici,  diseases  due  to, 
300, 


Bacillus  carriers,  in  dysentery,  252. 

in  diphtheria,  255. 
Bacteria,  methods  of  cultivating,   146. 

methods  of  staining,  142. 

microscopic  examination  for,  140. 

varieties  found  on  examination,  139. 
Bacterio-diagnosis,  86. 
Bacteriological  examination,  collection  of 

material  for,  137. 
Bacteriological  methods,  clinical  applica- 
tion of,  137. 

Bacterio-agglutinins,  121. 

Bacteriolysins,  109,  112,  153. 

Bacterioproteins,  102. 

Bacteriotropins,  109,  118,  171. 

Bacteriiun  coli  commune  (Escherich),  251* 

Baedad  sore,  344. 

Balantidium,  97. 

Balloonists,   air-pressure  diseases   among, 

456. 
Barber's  itch,  310. 
Barrel-shaped  thorax,  480. 
Bartonia  bacilliformis,  382. 
von  Basch's  syhgmomanometer,  792. 
Bathmotropic   function  of   heart  muscle, 

821. 
Bed-sores,  16. 
Bendick's    air-water    sphygmomanometer, 

795. 

Benoist's  penetrometer,  44. 

Bert's  thorakograph,  490. 

Beta  interval,  in  electrocardiogram,  786. 

Biermer's  change  in  pitch,  513. 

Bigeminal  pulse,  830. 

Bing's  sphygmomanometer,  797. 

Biot's  breathing,  484. 

Black  vomit,  in  yellow  fever,  390. 

Black-water  fever,  357. 

Bladder,  tuberculosis  of,  275. 

Blastomyces  in  sputum,  539. 

Blastomycetes,  97,  306,  312. 

Blastomycosis,  312,  313. 

definition  and  etiology  of,  314. 
diagnosis  of,  317. 
differential  diagnosis  of,  317. 
forms  of,  314. 
of  the  lung,  633. 
symptoms  of,  314. 
systemic,  313. 
Blenorrhea,  551. 
Blindness    due    to    gonococcal    infections, 

204. 
Blood,  in  malaria,  354. 

in  trypanosome  fever,  338. 
Blood  culture,  in  typhoid  fever,  233,  241. 
Blood  cultures,  Rosenow's  techni«  for,  193. 
Blood-pressure,  in  aortic  insufficiency,  807. 
arterial,  instruments  for  determination 
of,  792. 
under  normal  conditions,  803. 
maximal,  790. 

palpatory    method   of   determining, 

798. 
oscillatory  and  auscultatory  meth- 
ods of  determining,  799, 
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Bk>od-pre88ure,  minimal,  791. 

auscultatory    method   of   determin- 
ing, 801. 
Erlanger's  method  of  determining, 

800. 
Janeway's  method  of  determining, 

799. 
Korotkow's  method  of  determining, 

801. 
oscillatory  method  of  determining, 

800. 
palpatory    method   of   determining, 

799. 
von  Recklinghausen's  method  of  de- 
termining,  800. 
in  arteriosclerosis^  807. 
in  chronic  cyanosis,  807. 
in  chronic  polycythemia,  807. 
in  chronic  diffuse  renal  disease,  806. 
diastolic,   791. 
in  Graves'  disease,  807. 
in  increased  intracranial  tension,  806. 
instruments  for  graphic  registration  of, 

796. 
measurements  of,  790. 
in  pathological  states,  806. 
systolic,  790. 

variations  of,  under  physiological  con- 
ditions, 804. 
venous,  determination  of,  811. 
normal,  812. 

in  pathological  states,  812. 
Blood-pressure  apparatus  of  Erlanger,  749. 

Hirschfelder's  modification  of,  748. 
Blood-vessels,  auscultation  of,  743. 
diagnosis  of  diseases  of,  820. 
instruments  for  mechanical  registration 

of  movements  of,  746. 
movements  of,  745. 
sphygmoraanometry    of,    790. 
tonometry  of,  790. 
Blue  babies,  pulmonary  stenosis  in,  893. 
Boil,  Aleppo,  344. 

Delhi,  344. 
Boils,  199. 
Bones,  caries  of,  271. 

tuberculosis  of,   271. 
Bordet  and  Gengou's  bacillus,  221. 
Bordet-Gengou  phenomenon,  116,  164. 
Botrytimycosis,   326. 
Botrytideae,  322. 
Botulismus,  95. 
Bouba,  344. 
Bouton  d'Orient,  344. 
Bradycardia,  771. 
Bradypnea,  484. 

Brauer's  operation,  in  med last i no-pericar- 
ditis, 882. 
Brazilian  trypanosomiasis,  339. 
Break-bone  fever,  391. 
Breath  sounds,  auscultation  of,  617. 

variations  in,  in  the  normal  chest,  618. 
Breathing,  Biot's,  484. 
bronchial,  617,  619. 
Cheyne-Stokes,  484, 
cog-wheel,  618, 


Breathing,  costal  type  of,  482. 

broncho- vesicular,  621. 

feminine  type  of,  482. 

indefinite,  621. 

laryngeal,  619. 

masci^ine  type  of,  482. 

meningitic,  484. 

metamorphosing,  521. 

mixed,  621. 

puerile,  618. 

roughened,  in  bronchopneumonia,  608. 

tracheal,  619. 

tubular,  620. 

vesicular,  617. 
Brill's  disease,  300. 
Broadbent's  sign,  767. 

in  adherent  pericardium,  881. 
Bronchi,  anatomy  of,  461. 

diagnosis  of  diseases  of,  586.  ' 

dilatation  of,  693. 
diagnosis  of,  694.. 
complications  of,  594. 
etiology  of,  693. 
symptoms  of,  603. 

examination  of,  470. 

foreign  bodies  in,  595. 

stenosis  of,  696. 
Bronchial  asthma,  486,  590. 
Bronchial  breathing,  517,  619. 

accidental,  620. 

metallic,  620. 
Bronchial  catarrh,  acute  diffuse,  587. 
definition  of,  687. 
diagnosis  of,  588. 
symptoms  of,  688. 
Bronchial  casts,  532. 
Bronchiectasia,  593. 

cylindrical,  693. 

saccular,  693. 

spindle-shaped,  593. 
Bronchiectasis,  693. 
Bronchiolitis,  587. 
Bronchiostenosis,  595. 
Bronchitis,  586. 

acute  fibrinous,  588. 
symptoms  of,  589. 

capillary,  687. 

chronic,  689. 

diagnosis  of,  590. 
etiology  of,  689. 
symptoms  of,  589. 

croupous,  588. 

dry,  689. 

fetid  or  putrid,  589. 

obliterating,  588. 

pseudomenobranous,  588. 

sicca,  689. 

stasis,  638. 
Broncho-blenorrhea,  589. 
Bronchopathies,  586. 
Bronchophony,  515. 

in  bronchopneumonia,  608. 

pathological,  616,  616. 
Bronchopneumonia,  607. 

complications  of,  609. 

definition  of,  607, 
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Bronchopneumonia,   differential   diagnosis 
of,  600. 

etiology  of,  608. 

occurrence  of,  608. 

symptoms  of,  608. 
Bronchorrhea,  serous,  589. 
Bronchoscopy,  476. 
Broncho- vesicular  breathing,  521. 
Brudzinski's   contralateral   reflex    in   epi- 
demic cerebrospinal  meningitis, 
208. 
Brudzinski's  frog  sign,  in  epidemic  cere- 
brospinal meningitis,  208. 
Brugsch's  sphygmotonograph,  797. 
Bruit  d'airain,  677. 
Bruit  de  diable,  744. 

Bruit  de  moulin,  in  pneumopericardium, 
886. 

of  Bricheteau,  742. 
Bubo,  77. 

of  plague,  226. 

of  syphilis,  371. 

suppurative,  in  soft  chancre,  254. 
Build  of  patient,  12. 
Bussenius'  sphygmotonograph,  797. 
Butcher-shop  odor,  in  yellow  fever,  390. 


Cachectic  fever,  343. 
Cachexia,  hypotension  in,  809. 
Caisson  disease,  455. 
California  disease,  317. 
Calmette's  tuberculin  test,  174. 
Caloric  diseases,  445. 
Camp  fever,  300. 
Cancer,  of  the  lung,  648. 

of  the  pleura,  680. 
Capillaries,  pulse  in,  769. 
Capsules  of  bacteria,  stains  for,  145. 
Caput  medusae,  17. 
Carbuncle  of  plague,  226. 
Carbuncles,  199. 
Carcinoma  of  the  larynx,  583,  584. 

of  the  skin,  from  r5ntgen-injury,  452. 
Carcinosis  pleurae,  680. 
Cardiac  arhythmias,  classification  of,  821. 
Cardiac  asthma,  486. 
Cardiac  dullness,  703. 
Cardiac  hypotony,  867. 
Cardiogram,  759,  760. 

esophageal,  746,  762. 

negative,  761. 
Cardiopathia  adipositatis,  899. 
Cardiopathia  atherosclerotica,  899. 
Cardiopathia  nephropathicorum,  900. 
Cardiopathia  thyreotoxica,  901. 
Cardiopathies,  chronic  degenerative,  901. 

chronic  toxic-degenerative,   898. 

inflammatory,  871. 
Cardiopathy,  atherosclerotic,  899. 

chronic,  other  forms  of,  901. 

fatty,  899. 

nephropathic,  900. 

thyreotoxic,  901. 


Cardiopneumatic  murmurs,  524. 
Cardiosphygmograms,  746. 
Cardiosphygmograph  of  Jacquet,  748. 
Cardiovascular  acoustics,  717. 
Carditis,  871. 
Careotrypanosis,  339. 
Caries  of  bones,  271. 

of  the  spine,  272. 
Carphologia  in  typhoid  fever,  234. 
Carriers,  of  acute  poliomyelitis,  394. 

of  the  diphtheria  bacillus,  255. 

of  disease  germs,  99. 

meningococcus,  207. 
Carrion's  disease,  382. 
Car-sickness,  458. 
Casts,  bronchial,  532,  589. 
Catamnesis,  7,  23. 
Catarrh,  apical,  617. 
Cathode-rays,  35,  40,  41. 
Cavity,  signs  of,  in  abscess  of  the  lung, 
610. 
in    chronic    pulmonary    tuberculosis, 
619. 
Cavities,  tuberculous,  265,  619. 
Cercomonas  hominis,  335. 
Cerebrospinal  fever,  206. 
Cerebrospinal  fluid,  pressure  of,  75. 

examination  of,  81. 

total  protein  content  of,  81. 

globulin  content  of,  81. 
Cerebrospinal  meningitis,  epidemic,  206. 
complications  of,  208. 
course  of,  208. 
definition  of,  206. 
diagnosis    and    differential    diagnosis 

of,  209. 
epidemiology  of,  207. 
incubation  period  of,  207. 
symptoms  of,  207. 
Cerebrospinal  syphilis,  373. 
Chagas'  disease,  336,  339. 
Chalicosis,  of  lung,  646. 
Chancre,  hard,   369. 

Himterian,  369. 

soft,  nature  of,  254. 
sites  of,  254. 

syphilitic,  369. 
Charcot-Leyden     crystals,     in     bronchial 

asthma,  537,  591. 
Chemotaxis,  106. 
Chest,  alar,  480. 

flat,  479. 

funnel,  480. 

pterygoid,  480. 

rickety,  480. 

transversely  constricted,  480. 
Cheyne-Stokes  breathing,  484. 

in  myocardial  insufficiency,  862. 
Chicken-pox,  419. 

definition  of,  419. 

diagnosis  of,  420. 

hemorrhagic,  420. 

immunity  in,  419. 

prognosis  and  complications  of,  420. 

susceptibility  to,  419. 

symptoms  of,  419. 
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Chicken-pox,  the  virus  of,  419. 
Chill,  134. 

Chlamydozoan  organiBms,  423. 
Chloasma  uterinum,  15. 
Cholera  Asiatica,  297. 
definition  of,  297. 
diagnosis  of,  298. 
epidemiology  of,  297. 
prophylaxis  of,  298. 
symptoms  of,  297. 
Cholera  bacillus,  296. 
diseases  due  to,  296. 
Cholera  nostras  paratyphosa,  248. 
Cholera  typhoid,  297. 
Cholerine,  298. 

Cholesterin  crystals  in  sputum,  537. 
Christen's  absolute  hardness  measurer,  or 
so-called  "half-value  layer,"  45. 
Christen's  enerffometry,  818. 
Chronotropic   nmction    of    heart   muscle, 

821. 
Chrystanzodn  scarlatinae  of  Gamalia,  407. 
Chvlothorax,  674. 
definition  of,  674. 
etiology  of,  674. 
symptomatology  of,  675. 
Cinematograms,  of  heart  and  aorta,  747. 
Circulation,  collateral,  17. 

insufficiency  of,  859. 
Circulatory   apparatus,   diagnosis  of   dis- 
eases of,  695. 
Circulatory    disturbances    involving    the 

pleura,  673. 
Circulatory  insufiiciency,  859. 
absolute,  864. 
acute,  866. 

definition  of,  866. 
etiology  of,  866. 
symptoms  of,  866. 
chronic,  859. 

definition  of,  859. 
diagnosis  of,  864. 
etiology  of,  860. 
symptoms  of,  860. 
relative,  864. 
Cirrhosis  of  the  limg,  646. 

syphilitic,  374. 
Cladiosis,  325. 
Cladothrix,  97. 
Clinical  history,  1. 
Clinical  study  of  patient,  general  plan  for, 

Clinocoris     rotundatus,      as     carrier     of 

Leishmania  donovani,  343. 
Cocci,  diseases  due  to,  183. 
Coccidia.  97,  382. 
Coccidioidal  granuloma,  313,  317. 
Coccidioides  pyogenes,  317. 
Coccidiosis,  382. 
Cog-wheel  breathing,  518. 
Coin-sound,  504,  513,  525,  677. 
Cold  abscess,  differential  diagnosis  of,  273. 

in  caries  of  spine,  272. 
Cold,  diseases  due  to  exposure  to,  448. 

in  the  head,  550. 

local  effects  of,  448. 


Coli-sepsis,  251. 

definition  of,  251. 

symptoms  of,  251. 
Collar  of  Stokes,  685. 
Collateral  circulation,  in  space-occupying 
processes  in  the  mediastinum, 
684. 

in  stenosis  of  the  isthmus  of  the  aorta, 
896. 
Collateral  circulations,  17,  684,  896. 
Colles'  law  in  congenital  syphilis,  375. 
Colloidal  gold  test,  83. 
Colon  bacillus,  diseases  due  to,  251. 
Colpohyperplasia  cystica,  215. 
Compression  apparatus,  58. 
Condylomata,  371. 

Congenital  diseases  of  the  heart,  895. 
Congenital  syphilis,  375. 
Con^o  trypanosome  fever,  338. 
Conjunctivitis,  gonococcal,  204. 
Conorrhinus  megistus,  337. 
Conorrhinus  rubrofasciatus,  as  carrier  of 

Leishmania  donovani,   343. 
Consumption,  pulmonary,  265. 

galloping,  266,  614,  619. 
Contralateral  refiex  of  Brudzinski,  in  epi- 
demic cerebrospinal  meningitis, 
208. 
Cook's  sphygmomanometer,  784. 
Coolidge  tu^,  55,  56. 
Comma  bacillus,  296. 
Compensation,  of  heart  muscle,  887. 

failure  of,  887. 
Complement,  112. 
Complement  fixation,  116,  116,  154,  167. 

in  the  diagnosis  of  echinococcus,  167. 

in  the  diagnosis  of  gonococcal  infectionsi^ 
167. 
Complement  fixation  tests,  154. 

for  differentiation  of  human  from  ani- 
mal blood,  167. 
Complement  deviation,  115. 
Complementoid,  formation  of,  113. 
Compressed-air  manometers,  794. 
Coryza,  550. 

Coryza  vasomotoria,  660. 
Cough,  541. 

in  acute  fibrinous  bronchitis,  689. 

in  chronic  pulmonary  tuberculosis,  617, 
618,  619. 
Coughing  sounds,  516. 
Cow-pox,  421,  435. 
Coxitis  tuberculosa,  270. 
Cracked-pot  sound,  604,  613,  668. 
Crackles,  522. 
Craigia  hominis,  332. 
Crisis  in  fever,  136. 
Croup,  false,  676. 

true,  676. 
Crying  sounds,  616. 
Cryptococcus  gilchristii,  313. 
Cryptoradiometer,  45. 
Cryptoscope,  45. 

Cuff,  of  blood-pressure  apparatus,  793. 
Culex  fatigans,  as  carrier  of  dengue  fever, 
391. 
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Cultures,  bacterial,  for  clinical  diaffnosis, 

140. 
Curschmann's  spirals,  632. 

in  bronchial  asthma,  591. 
Cutaneous  leishmaniasis,  342,  344. 
Cyanosis,  15. 

chronic,  hypertension  in,  807. 

in  emphysema,  637. 
Cyclostierion  scarlatinae  of  Mallory,  407. 
Cyrtometer,  496. 
Cysts,  gas,  216. 

of  the  lanrnx,  685. 
Cytodiagnosis,  88,  89,  90,  91. 
Cytolysins,  109. 
Cytorrhyctes  variolae,  423,  439. 
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Damoiseau's  curve,  in  pleurisy  with  effu- 

sion,  667. 
Dandy  fever,  391. 
Death  rattle,  687. 

in  edema  of  the  lungs,  644. 
Death  from  electrical  injury,  449. 
from  freezing,  448. 
from  lightning,  449. 
Decompensation,    in    chronic    circulatory 
insufficiency,  868. 
in  valvular  disease  of  the  heart,  887, 888. 
Defense,  mechanisms  of,  106. 
Defervescence,  136. 
Defluvium  capillorum,  371. 
Delhi  boil,  344. 
Dementia  paralytica,  374. 
Dengue  fever,  391. 
definition  of,  391. 
diagnosis  of,  392. 
symptoms  of,  391. 
virus  of,  391. 
Dermacentor  occidentalis,  as  a  carrier  of 
Rocky  Mountain  spotted  fever, 
441. 
Derm-actinomycosis,  327. 
Dermatitis,  blastomycetic,  313. 

chronic,  among  r5ntgenologists,  462. 
Dermatomycosis,  308. 
Dhobie  itch,  310. 
Diabetes,  bronzed,  15. 
Diagnostic  methods,  24. 
Diaphragm,  paradoxical  movement  of,  in 

pneumothorax,  677. 
Diaphragm  phenomenon,  483. 
Diastolic  blood-pressure,  791. 
Diastolic  shock  or  rebound,  in  adherent 

pericardium,  881. 
Diathesis,  haemorrhagic,  16. 
Diazo-reaction  of  Ehrlich  in  typhoid  fever, 

233. 
Dilatation,  of  heart,  867,  870,  887. 

physiological  or  compensatory,  887. 
stasis,  888. 
systolic,  888. 
Diphtheria,  conjunctival,  258. 
cutaneous,  257. 
complications  and  sequelae  of,  268. 


Diphtheria,  diagnosis  of,  268. 

differential  diagnosis  of»  259. 

forms  of,  266. 

ffangrenous  form  of,  266. 

lacunar  form  of,  266. 

laryngeal,  267. 

membranous  form  of,  250. 

mixed  infections  in,  266. 

nasal,  267. 

pharyngeal,  256. 
symptoms  of,  266. 

progressive  or  spreading  form  of,  256. 

susceptibility  to,  256. 
Diphtheria  antitoxin,  255. 
Diphtheria  bacillus,  diseases  due  to,  264. 

pathogenicity  of,  265. 
Diphtheria  toxin,  266. 
Diplococcus    intracellularis    meningitidis, 

206. 
Diplococcus  pneumoniae,  199. 
Diplophonia,  471. 
Discomyces  mycoses,  330.. 
Di8sectin|r  aneurism,  906,  912, 
Dissociation,  complete,  862. 
Dittrich's  plugs,  633. 

in  bronchiectasia,  693. 

in  gangrene  of  the  lung,  612. 

in  the  sputum  of  chronic  bronchitis,  589. 
Diver's  disease,  466. 
Doer  and  Russ,  filtrable  virus  of,  405. 
Dromotropic  function  of  heart  muscle,  821. 
Dry  pleurisy,  664. 
Ducrey's  bacillus,  254. 
Ductus  arteriosus  Botalli,  persistent,  895. 
Duke's  fourth  disease,  418. 
Dum-dum  fever,  343. 
Dust  as  a  carrier  of  germs,  99. 
Dynamic  aorta,  768. 
Dysentery,  amebic,  332. 
diagnosis  of,  333. 
occurrence  of,  332. 
symptoms  of,  332. 

bacillary,  252. 
complications  of,  253. 
definition  of,  252. 
dianiosis  of,  253. 
epidemiology  of,  262. 

epidemic,  252. 
Dysentery  bacillus,  229. 

diseases  due  to,  262. 
Dysphonia,  471. 
Dyspnea,  486. 
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Ecch3miose8,  16. 

Echinococcus  cyst,  in  lung,  648. 

Echinococcus  cysts  in  sputum,  634,  539, 

Ecthyma,  372. 

Ectopia  cordis,  897. 

Ectotoxins,   101. 

Eczema  marginatum,  310. 

Edema,  18,  19. 

of  the  glottis,  679. 

inflammatory,  644, 
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Edema,  of  lungs,  644. 

malignant,  215. 

mechanical,  644. 

neural,  644. 

non-inflammatory,  644. 
EdBalPs  disease,  447. 
Egophony,  516. 

in  pleurisy  with  effusion,  659. 
Ehrlich's  stain,   142. 
Electrical  injuries,  diseases  due  to,  449. 

general  symptoms  of,  450. 

local  effects  of,  460. 

sequelae  of,  451. 
Electricity,  as  a  cause  of  death,  449. 
Electrocardiogram  of   normal  heart,  747, 
782. 

in  heart  block,  852,  853. 

in  pathological  states,  787. 

physiological  variations  of,  785. 

in  pulsus  alternans,  846. 

signiflcance  of,  in  pulsus  alternans,  847. 
Electrocardiograph,  753. 
Electrocardiography,  clinical  value  of,  785. 
Electrons,  40. 
Ellis's    line,    in    pleurisy    with    effusion, 

657. 
Embolism,  919. 

of  pulmonary  artery,  640.  641,  642. 
Embolus,  bland,  640. 

blood-clot,  640. 

cell,  640. 

fat,  640. 

gas,  640. 

septic,   640. 
Embryocardia,  720. 
Emphysema,  vesicular,  636. 

chronic,  true,  or  substantial,  636. 

definition  of,  636. 

diagnosis  of,  637. 

etiology  and  pathogenesis  of,  636. 

symptoms  of,  637. 

mediastinal,  false,  693. 

precordial  crackling  of,  742. 

subfascial,  693. 
Emphysema  pulmonum,  636. 
Emphysematous  thorax,  480. 
Emprosthotonos,  217. 
Empyema,  bilateral,  663. 

diaphragmatic,  662. 

encapsulated,  662. 

exploratory  puncture  in,  663. 

gangrenous,  664. 

interlobar,  662. 

mediastinal,  662. 

metapneumonic,  663. 

necessitatis,  663. 

parapneumonic,  663. 

pulsating,  662. 

putrid,   664. 

following    rupture    of    a    lung    abscess, 
611. 

tuberculous,  663. 
Empyema  pleurae,  661. 
Enanthem,  in  chicken-pox,  420. 

in  measles,  412. 

in  small-pox,  424,  431. 


Endarteritis,  obliterative,  910. 
Endocarditis,  871. 
acute,  872. 
diagnosis  of,  874. 
symptoms  of,  873. 
varieties  of,  872. 
bacterial  infection  as  a  cause  of,  871. 
of  cardiac  type,  874. 
of  cerebral  type,  874. 
chordal,  872. 
of  chronic  or   subacute  infective  type, 

874. 
chronic,  877. 
definition  of,  877. 
diagnosis  of,  877. 
etiology  of,  877. 
symptoms  of,  877. 
definition  of,  871. 
etiology  of,  871. 
gonococcal,  204. 
lenta,  184,  186,  875. 
definition  of^  875. 
diagnosis  of,  186,  876. 
patholo^  of,  875. 
prognosis  of,  187. 
symptoms  of,  186,  875. 
parietal  or  mural,  872. 
pathology  of,  872. 
of  septic  type,  874. 
septic  ulcerative  or  malignant,  872. 
simple  vegetative  and  benign,  872. 
simplex,  872. 
subacute  infectious,  186. 
of  typhoid  type,  874. 
ulcerosa,  872. 
valvular,  872. 
verrucosa,  872. 
Endomyces  albicans,  319. 
characteristics  of,  320. 
Endomycosis,  312,  313. 
Endotoxins,   102. 
Energometry,  Christen's,  818. 
Entameba  buccalis,  334. 
Entameba  coli,  332. 
Entameba  histolytica,  332. 

in  sputum,  540. 
Entameba  tetragena,  332. 
Epicrisis,  7,  24. 
Epidemic  dysentery,  252. 
Epidemics,  of  acute  poliomyelitis,  394. 
Epidermophytia  cruris,  310. 
Epidermophyton,  310. 
Epididymitis,  gonococcal,   as   a   cause  of 
sterility,  203. 
tuberculous,  275. 
Epigastric  pulsations,  767. 
Epilepsy,    syphilitic,    endarteritis    of    the 
smaller  vessels  of  the  brain  as 
a  cause  of,  911. 
Epiphanin  reaction  (Weichardt),  176. 
Epistaxis,  557. 

in  caisson  disease,  455. 
Equinia,  421. 
Ergins,  tests  for,  171. 
ErTanger's     blood     pressure     apparatus, 
749. 
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Erlanger's  method  of  determining  the  min- 
imal    arterial     blood-pressure, 
800. 
Erlanger's  and  Hooker's  method  for  esti- 
mating heart- work,  815. 
Er lander's  sphygmomanometer,  796. 
Eruption.    See  Rash. 
Eruptions,  skin,  16. 
Erysipelas,  187. 

definition   of,    187. 

symptoms  of,  187. 
Erysipelas  migrans,  188. 
Erysipeloid  of  Rosenbach,  188. 
Erythrasma,  312. 
Espundia,  344. 
Ethmoidal  sinusitis,  569. 
Exanthem.    See  Rash. 
Exanthems,  16. 
Exanthemata,  acute,  407. 
Exascoses,  312. 

Expectoration,  albuminous,  70. 
Expiration,  prolongation  of,  518. 
Exploratory  puncture,  in  empyema,  663. 

of  joint  cavity,  77. 

of  kidney,  77. 

of  liver,  77. 

of  lymph  ff lands,  77. 

of  pericardial  cavity,  70. 

of  peritoneal  cavity,  71. 

of  pleural  cavity,  67,  68,  69. 

in  pleural  thickening,  665. 

in  pleurisy  with  effusion,  660. 

in  pleurisy  with  putrid  exudate,  664. 

of  skull  cavity,  77. 

of  spleen,  77. 

of  subarachnoid  space,  72. 

technic  of,  67. 
Expometer,  60. 
External  physical  causes,  diseases  due  to, 

95. 
Extrasystoles,  atrial  (or  auricular),  832. 

nodal,  833. 

ventricular,  829. 
Exudates,  80. 


Fallopian   tubes,  tuberculosis  of,  275. 
Farcy,  262. 

diagnosis  of,  262. 

symptoms  of,  262. 
Fatty  acid  crystals  in  sputum,  536. 
Fatty  cardiopathy,  899. 
Faught's  aneroid  manometer,  795. 
Faught's      mercury     sphygmomanometer, 

794. 
Favus,  309. 
Febris  miliaris,  441. 
Febris  recurrens,  365. 
Fedde's  oscillometer,  797. 
Fever,  134. 

in  acute  pulmonary  tuberculosis,  619. 

acute  rheumatic,  191. 

break-bone,  391. 

cachectic,  343. 


Fever,  camp,  300. 

continued,  135. 

in  chronic  pulmonary  tuberculosis.  618, 
619. 

dandy,  391. 

dengue,  391. 

dum-dum,  343. 

epidemic  cerebrospinal,  206. 

influenzal,  220. 

intermittent,  135. 
•  Malta,  212. 

Mediterranean,  212. 

Oroya,  382. 

pappataci,  405. 

recurrent,   136. 

recurring,  of  Pel,  136. 

relapsing,  365. 

remittent,  135. 

Rocky  Mountain  spotted,  441. 

scarlet,  407. 

spotted,  300. 

trypanosome,  338. 

typhoid,  229. 

typhus,  300. 

imdulant,  212. 

yellow,  389. 
Fibrillation,   atrial    (or   auricular),    779, 
826,  839. 

paroxysmal,  842. 
Fick's  thorakograph,  490. 
Fission-fungi,  97. 
Fistulae,  tuberculous,  265. 
Fistular  murmur,  in  pneimiothorax,  677. 
Flagella,  stains  for,  140. 
Fla^llata,  97. 

diseases  due  to,  334. 
Fleas,  as  carriers  of  Leishmania  Infantum, 

344. 
Fleischer's  turgograph,  797. 
Flexneria  noguchii,  392. 
Flint  murmur,  of  aortic  insufficiency,  890. 
Fluorescence,  43. 
Fluoroscopy  of  lungs,  542. 
Flutter,  atrial  (or  auricular),  826,  844. 
Fomites,  95. 

Food-poisoning,  typhoid  form  of,  248. 
Foot  and  mouth  disease,  404. 
Foramen  ovale,  patent,  896. 
Foreign  bodies,  in  the  bronchi,  595. 

in  larynx,  685. 

pneumopathies  due  to,  645. 
Fourth  disease  of  Duke,  418. 
Frambesia,  379. 
Freezing,  death  from,  448. 
Fremitus,   pericardial   friction,   767. 
Friction,  pleuropericardial,  524. 
Friction  fremitus,  pericardial,  767. 

in  pleurisy,  654. 
Friction  rub,  in  pleurisy,  654. 
Friction  sounds,  pericardial,  740. 

pleural,  524. 

pleuropericardial,  741. 
FriedlSnder's  pneumobacillus,  213,  598. 

in  bronchopneumonia,  608. 

in  pneumonia,  202. 
von  Frisch's  bacillus,  213. 


960 


INDEX 


Frog    sign    of    Brudzinski,    in    epidemic 

cerebrospinal  meningitis,  208. 
Frontal  sinusitis,  567. 
Fungi  affecting  the  skin,  308. 

diseases  due  to,  306. 

fission,  97. 

in  sputum,  634,  539. 

yeast,  306. 
Funnel  chest,  480. 
Furunculosis,  199. 


G 


Gftrtner*s  bacillus,  229. 

Gartner's  tonometer,  792,  794. 

Gait,  11. 

Gallop  rhythm,  725. 

Gamma    interval,    in    electrocardiogram, 
786. 

Gangosa,  380,  381,  557. 

Gangrene,  in  abscess  of  the  lung,  611. 
hospital,  215. 
gas,  215. 
of  the  lung,  611. 

Garland's  triangle,  in  pleurisy  with  effu- 
sion, 657. 

Gas,  in  pleural  cavity,  675. 

Gas  bacillus   (Welch  &  Nuttall),  diseases 
due  to,  215. 

Gas  cysts,  215. 

Gas  gangrene,  215. 

Gkistroenteritis  paratyphosa  B,  248,  249. 

Gastroenteritis  typhosa,  243. 

Gengou-Moreschi  phenomenon,  167. 

German  measles,  417. 

Germinal  infection,  100. 

Gibbus,  in  Pott's  disease,  272. 

Gibson's     recording     sphygmomanometer, 
796. 

Glanders,  262. 
diagnosis  of,  262. 

Glanders,  of  the  lung,  633. 
symptoms  of,  262. 

Glanders  bacillus,  261. 

Glands,  enlargement  of,  in  syphilis,  371. 

Glass-rays,  36. 

Glossina  brevipalpalis,  as  carrier  of  try- 
panosomes,  338. 

Glossina  morsitans,  as  carrier  of  trypan- 
osomes,  337,  338. 

Glossina  palpalis,  as  carrier  of  trypano- 
somes,  337. 

Glottis,  edema  of,  579. 
symptoms  of,  580. 

Gold-miner's  phthisis,  646. 

Gold-number  method,  83. 

Gonitis,  fungous,  271. 
tuberculous,  271. 

Gonococcal  conjunctivitis,  204. 

Gonococcal  endocarditis,  204. 

Gonococcal  inflammations  of  the  urogeni- 
tal organs,  203. 

Gonococcal  iritis,  205. 

Gonococcal  polyarthritis,  204. 

Gonococci,  diseases  due  to,  202. 


Gonocoocus   complement-fixation    test,    re- 
sults of,  169. 

Gonorrheal  rheumatism,  204. 

Goose-neck  radial,  906. 

Gram's  stain,  142. 

Granulation,  tuberculous,  614. 

Granuloma,    coccidioidal,    definition    and 
etiology  of,  317. 
diagnosis  of,  318. 
symptoms  of,  318. 
ulcerating,  380. 

Granuloma  venereum,  380. 

Granulomata,  infectious,  213,  262. 

Graupner's  test  for  functional  capacity  of 
the  heart,  814. 

Graves*  disease,  hypertension  in,  807. 

Grocco's  triangle,  in  pleurisy   with   effu- 
sion, 657. 

Guamieri's  corpuscles,  in  chicken-pox,  419. 
in  small-pox,  423. 

Gumma,  374. 


Habitus  phthisicus,  266. 

Han^ng  drop,  140. 

Hardness-measurers,  of  x-ray  tubes,  44. 

Harrison's  groove,  480. 

Hay  fever,  552. 

Hay's  pharyngoscope,  use  of,  in  direct  lar 

yngoscopy,  473. 
Head  tetanus,  217. 
Heart,  abdominal,  897. 
acute  dilatation  of,  in  acute  infections, 

866. 
anatomy  of,  701. 
apex-beat  of,  758. 

changes  in  the  contractile  force  of,  846. 
cervical,  897. 
cinematography  of,  753. 
congenital  diseases  of,  895. 
delayed  conduction  time  of,  848. 
diagnosis  of  diseases  of,  820. 
dilatation  of,  867,  870,  887. 

causes  of,  871. 
disturbances  in  conduction  in,  847. 
dropped  beats  of,  828. 
extrasystolic  irregularity  of,  826. 
functional  capacity  of,  813. 
hypertrophy  of,  867,  868,  887. 
hypertrophy  of  left  ventricle  of,  868, 
etiology  of,  869. 
physical  signs  of,  868. 
hypertrophy  of  right  ventricle  of,  869. 
etiology  of,  868. 
physical  signs  of,  869. 
instruments  lor  mechanical  registration 

of  movements  of,  746. 
movements  of,  745. 
of  obesity,  899. 
the  pacemaker  of,  827. 
pectoral,  897. 
position  and  size  of,  700. 
reparative    and    adaptive    processes    in, 
867. 
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He^rt,  rontgenoscopy  of,  753. 

thrills,  766. 

transposition  of,  897. 

valvular  diseases  of,  886. 

wandering,   702. 

youthful  irregularity  of,  827. 
Heart  beat,  clinical  disorders  of,  820. 
Heart  block,  771,  847. 

atrioventricular,  848. 

complete,  826,  850. 

diagnosis  of,  856. 

electrocardiograms  in,  852,  853. 

etiology  of,  854. 

intraventricular,  848,  853. 

partial,  849. 

pulse  tracings  in,  852. 
Heart-failure   cells,   in   embolism   of   pul- 
monary artery,  642. 

in  myocardial  insufficiency,  861. 

in  sputum,  530. 

of  chronic  bronchitis,  580. 
of  mitral  insufficiency,  893. 

in  stasis  bronchitis,  639. 
Heart  murmurs,  727. 

accidental,  736,  738. 

anemic,  737. 

in  aortic  regurgitation,  731. 

in  aortic  stenosis,  731. 

cardiorespiratory,  738,  741. 

direction  and  propagation  of,  730. 

extra-cardiac  or  exocardial,  736,  740. 

functional,  736. 

inorganic,  736,  737. 

intensity  of,  734. 

intra-cardiac,  736,  737. 

locomotive,  740. 

in  mitral  regurgitation,  732. 

in  mitral  stenosis,  731. 

multiple,  732. 

organic,  736,  737. 

quality  or  timbre  of,  736. 

pitch  or  tonality  of,  735. 

physical  explanation  of  origin  of,  736. 

significance  of,  736. 

timing  of,  728. 

topography  of,  729. 

velocity,  in  fevers,  737. 
Heart  muscle,  compensation  of,  887. 

failure  of  compensation  of,  887. 

powers  of  adaptation  of,  887. 
Heart-rate,  phasic  variations  in,  827. 
Heart  sounds,  717. 

alterations  in  intensity  of,  722. 

changes  in  number  of,  724. 

graphic  registration  of,  721. 

identification  of,  720. 

normal,  717- 

origin  of,  717. 

reduplicated,   724. 

rhythm  and  accentuation  of,  720. 

splittings  and  doublings  of.  7*24. 

triple  or  gallop  rhythms  of,  725. 
Heart-work,      Erlanger's      and      Hooker's 

method  for  estimating,  815. 
Heat,  diseases  due  to,  445. 
Heat-prostration,  445. 


Heat  regulation  of  body,  131. 
Heat-stroke,  445,  446. 

diagnosis  of,  447. 

symptoms  of,  446. 
Height,  12. 

Heine-Medin  disease,  392.    See  also  Polio- 
myelitis. 

abortive  forms  of,  399. 

ataxic  form  of,  398. 

bulbar  and  pontine  forms  of,  398. 

cerebral  form  of,  397,  398. 

contagiosity  of,  396. 

definition  of,  392. 

differential  diagnosis  of,  401. 

historical  note  on,  393. 

immunity  in,  394. 

Landry's  paralysis  in,  .398. 

meningitic  form  of,  399. 

occurrence  of,  in  epidemics,  396. 

pathology  of,  400. 

polyneuritic  form  of,  398. 

prognosis  of,  399. 

prophylaxis  in,  396. 

serodiagnosis  of,  400. 

symptoms  of,  397. 
Hemagglutinins,  121. 
Hematemesis,  in  yellow  fever,  390. 
Hematoidin  crystals  in  sputum,  536. 
Hematoma,  intramural,  912. 
Hemisporosis,  325. 
Hemolysins,  109,  112,  163. 
Hemolysis,   113,   114. 
Hemopericardium,  886. 
Hemoptysis,  529,  639. 

in  bronchiectasia,  594. 

in  chronic  pulmonary  tuberculosis,  617, 
618. 

in  embolism  of  pulmonary  artery,  642. 

endemic,  648. 

in  pulmonary  tuberculosis,  282. 

in  tumors  of  the  lung,  649. 
Hemorrhage,  intestinal,  in  typhoid  fever, 
235,  239. 

mediastinal,  693. 

from  the  nose,  567. 

pulmonary,  639. 
Hemorrhagic  diathesis,  16. 
Hemorrhoidal  veins,  varicosities  of,  923. 
Hemorrhoids,  923. 
Hemothorax,  674. 

definition  of,  674. 

etiology  of,  674. 

symptoms  of,  674. 
Hemosporidia,  382. 
Hepatic  abscess.    See  Liver  abscess. 
Hepatic  pulsations,  768. 
Herpes  tonsurans  roaculosquamosus,  310. 
Herpes  tonsurans  vesiculosus,  310. 
Hertz's  sphygmomanometer,  796. 
Heterolysins,   115. 
Heterotopic  stimuli,  697. 
Hiccough,  in  dry  pleurisy,  654. 
Hill's  sphygmomanometer,  794. 
Hip-joint,  tuberculosis  of,  270. 
Hippocratic  fingers,   in  pulmonary  steno- 
sis, 893. 
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Hippocratic   succussion   splash,  525,  677» 

886. 
History,  clinical,  7. 
of  present  illness,  8,  21. 
previous,  of  patient,  9,  21. 
of  diseases  oi  childhood,  9,  21. 
of  post-childhood  diseases,  9,  21. 
of  general  bodily  functions  and  sexual 

life,  10,  21. 
of  habits,  education  and  experience,  10, 

21. 
family,  10,  22. 
History-takinff,   1. 

combined  plan  of,  21. 
Hog-cholera,  bacillus  of,  229. 
Hofzknecht's  radiometer,  47. 
Hooker  and  Eyster's  method  of  determin- 
ing venous  blood-pressure,  811. 
Horsepox,  421. 
Hospital  gangrene,  215. 
Howell's    method  of    determining    venous 

blood-pressure,  812. 
Humming-top  murmur,  744. 
Hunterian  chancre,  369. 
Hutchinsonian  teeth  in  congenital  syphilis, 

376. 
Hydrocephalus  intemus,  208. 
Hydropericardium,  885. 
Hydrophobia.  383. 
Hydrothorax,  673. 
definition  of,  673. 
etiology  of,  673. 
symptoms  and  signs  of,  673. 
Hyperesthesia,     cutaneous,     in     epidemic 

cerebrospinal  meningitis,  207. 
Hyperhydrosis  of  skin,  16. 
Hyperpiesis,  807. 
Hyperpyrexia,  rheumatic,  194. 
Hypersusceptibility,  122. 
Hypertension,      in      aortic      insufficiency, 
807. 
in  arteriosclerosis,  807. 
chronic  arterial,  806. 
in  chronic  cyanosis,  807. 
in  chronic  diffuse  renal  disease,  806. 
in  chronic  polycythemia,  807. 
in  Graves's  disease,  807. 
in  increased  intracranial  tension,  806. 
Hyperthermia,  445. 
Hypertrophy,  atrial,  869. 
of  heart,  867,  868,  887. 
of  left  ventricle  of  heart.  868. 
of  right  ventricle  of  heart,  869. 
Hyphomycetes,  96,  306,  307. 

diseases  due  to,  307. 
Hypohydrosis  of  skin,  16. 
Hypotension,  acute  arterial,  808. 
in  acute  infections,  808. 
in  cachexia,  809. 
chronic   arterial,   808. 
in  pulmonary  tuberculosis,  808. 
in  surgical  shock,  809. 
in  tuberculous  persons,  282. 
Hysterical  aphonia,  582. 


Ichthyosis,  16. 
Icing  liver,  883. 
icterus.    See  Jaundice. 
Ignisation,  445. 
Immune  body,  112. 
Immunity,  acquired,  105,  108. 
acquired  antitoxic,  105,  107. 
in  acute  poliomyelitis,  394. 
antibacterial  or  bacteriolytic,  106,   106. 
in  chicken-pox,  419. 
in  general.  105. 
natural,  105,  106. 
phagocytic,   105. 
in  rabies,  383. 
in  small-pox,  424. 
Immunization,  active,  105. 
passive,   105. 

in  diphtheria,  255. 
Immunodiagnosis,  87. 

Immunological   methods,   clinical   applica- 
tions of,  150. 
Impetigo  syphilitica,  371. 
Incubation,  104. 
Infantile  kala-azar,  344. 
infantile  leishmaniasis,  342,  344. 
Infantile  paralysis,  392. 
Infantilism,  in  congenital  syphilis,  376. 
Infarction  of  lung,  hemorrhagic,  640. 
Infection,  congenital,  in  tuberculosis,  615. 
definition  of,  95. 
extragenital,  in  syphilis,  369. 
fetal,  in  syphilis.  369. 
genital,  in  syphilis,  369. 
germinal,  in  syphilis,  369. 
inhalation  or  aerogenous,  in  tuberculo- 

sis,  615. 
intestinal,  in  tuberculosis,  615. 
latent,  101. 

modes  of,  in  tuberculosis,  614. 
mouth,  in  tuberculosis,  615. 
tonsillar,  in  tuberculosis,  615. 
Infections,  acute,  hypotension  in,  808. 
local,  101. 
mixed,  101. 
secondary,  101. 
Infectious  agents,  97. 

sources  of,  98. 
Infectious  diseases,  diagnosis  of,  95,   180. 
etiological  agents  in,  180. 
special  diagnosis  of,  180. 
Influenza,  219. 

of  the  central  nervous  system,  220. 
complications  of,  220. 
definition  of,  219. 
gastro-intestinal,  220. 
portals  of  entry  of  infection  in,  219. 
of  respiratory  tract,  220. 
symptoms  of,  219. 
Influenza  bacillus,  219. 
in  sputum,  538. 
diseases  due  to,  219. 
Infusoria,  97. 

Ink-polygraph  of  Mackenzie,  747. 
Inoculation,  preventive,  in  rabies,  384. 
in  typhoid  fever,  242. 
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Inoscopy,  86. 

Inotropic  function  of  heart  muscle,  821. 

Insolation,  445. 

Inspection,  24. 

Intermediate  hosts,  99. 

Interrupter,  29. 

Interventricular  septum,  patent,  896. 

Intestinal  anthrax,  214. 

Intestinal   hemorrhage   in   typhoid   fever, 

235,  239. 
Intestinal  ulcers,  formation  of,  in  typhoid 

fever,  235. 
Intestines,  actinomycosis  of,  327. 
Intoxication  diseases,  101. 
Intracranial  tension,  hypertension  in,  806. 
Inverse  discharge,  38. 
lonto-quantimeter  of  Szillard,  43,  48. 
Iritis,  gonococcal,  205. 
Iso-agglutinins,  121. 
Iso-hemolysins,  115. 
Itch,  barber's,  310. 

dhobie,  310 

washerwoman's,  310. 


Jaccoud's  rheumatismus  fibrosus,  195. 

Jacquet's  cardiosphygmograph,  748. 

Janeway's  method  of  determining  the  min- 
imal arterial  blood-pressure, 
799. 

Jancway*8  sphygmomanometer,  794. 

Jaundice,  epidemic  catarrhal,  300. 
in  yellow  fever,  390. 

Jennerian  vesicle,  437. 

Joint-cavity,  exploratory  puncture  of,  77. 

JointSi  tuberculosis  of,  270. 


Kala-azar,  342,  343. 

definition  of,  343. 

diagnosis  of,  343. 

differential  diagnosis  of,  344. 

infantile,  344. 

symptoms  of,  343. 
Kaodzera,  337,  339. 

lOitzenstein's    method    of   estimating    the 
functional  capacity  of  the  heart, 
816. 
Keratitis,  interstitial,  in  congenital  syph- 
ilis, 376. 
Kerion  celsi,  311. 
Kernig's    sign    in   epidemic    cerebrospinal 

meningitis,  207. 
Kidney  disease.    See  Renal  disease. 
Kidney,  exploratory  puncture  of,  77. 
Kienbiick's  quantimeter,  43,  49. 
Kinetoses,  458. 
Kirstein's  autoscopy,  472. 
Klebs-Loeffler  bacillus,  254. 
Knee-joint,  tuberculosis  of,  271. 
Koch's  laws,  97. 

Koplik's  spots  in  the  mouth,  in  measles, 
413. 


Korotkow's    method    of    determining   the 

minimal     arterial     blood-prea- 

sure,  801. 
Kronig's    fields    of    pulmonary    resonance, 

505. 
Kronig's  step-like  line  of  cardiac  dulness, 

in  mitral  stenosis,  891. 
Kussmaul's  air-hunger,  484. 


La  grippe,  219. 
Lamblia  intestinalis,  335. 
Laryngeal  breathing,  519. 
Laryngeal  catarrh,  chronic,  676. 
diagnosis  of,  577. 
etiology  of,  676. 
symptoms  of,  576. 
Laryngeal  muscles,  paralyses  of,  680, 
Laryngitis,  acute  catarrhal,  675. 
acute  pseudomembranous,  676. 

etiology  of,  576. 
chronic  catarrhal,  576. 
diphtheritic,  676. 
syphilitic,  578. 
diagnosis  of,  679. 
symptoms  of,  678. 
tuberculous,  677. 
typhoidal,  679. 
Laryngoscopy,  472. 

Larynx  affection  of,  in  secondary  syphilis, 
372. 
anatomy  of,  460. 
angiomata  of,  685. 
auscultation  of,  471. 
chronic  catarrh  of,  676. 
circulatory  diseases  of,  679. 
cysts  of,  685. 

diagnosis  of  diseases  of,  674. 
examination  of,  470. 
foreign  bodies  in,  685. 
growths  in,  683. 
inflammatory  diseases  of,  675. 
inspection  of,  470. 
internal  examination  of,  472. 
neoplasm  of,  583,  684. 
palpation  of,  470. 
papilloma  of,  584. 
paralytic  diseases  of,  580. 
percussion  of,  471. 
polyp  of,  584. 
sarcoma  of,  586. 
stenosis  of,  585. 
tuberculosis  of,  577. 
tumors  of,  symptoms  of,  583. 
views  of,  in  indirect  laryngoscopy,  474, 
475. 
Loishmania,   diseases  due  to  varieties  of, 

342. 
Lcishmania  donovani,  342. 
LiMshniania  furunculosa  sive  tropica,  342, 

344. 
Leishmania  infantum,  342,  244. 
Leishmaniasis,  cutaneous,  342,  344. 
human,  342. 
infantile,  343,  344. 
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Lenses,  tuberculous,  533. 
Lepra,  292. 
Lepra  mixta,  294. 
Lepra  nervorum,  294. 
Lepra  nodosa,  294. 
Lepra  tuberosa,  294. 
Leprosy,  experimental,  292. 
human,  292. 

complications  of,  295. 
diagnosis  of,  295. 
epidemiology  of,  293. 
symptoms  of,  294. 
Leprosy  bacillus,  diseases  due  to,  292. 
Leptothrix,  97. 
Leukocidin,  197. 

Levy-Dohrn*8  thorakograph,  490. 
Lice,  as  carriers  of  relapsing  fever,  365. 

as  carriers  of  typhus  fever,  301. 
Lichen  scrofulosum,  274. 
Lichen  syphilitica,  371. 
Lightning,  death  from,  449. 
Litten's   phenomenon,    absence   of   on   af- 
fected  side,   in    pneumothorax, 
677. 
absence  of,  in  pleural  thickening,  665. 
in  pleurisy  with  effusion,  656. 
Litten's  sign,  483. 
Liver,  amebic  abscess  of,  333. 
exploratory  puncture  of,  77. 
icing,  883. 
in  malaria,  354. 
in  myocardial  insufficiency,  86  L 
Lockjaw,  216. 
Locomotor  ataxia,  374. 
Loeffler's  stain,  142. 
Lues.    See  Syphilis. 
Lues,  laryngeal,  678. 
Luetin  reaction,  value  of,  178. 
Luetin  test  (Noguchi),  177. 
Lumbar  puncture,  72,  76. 
Lung,  abscess  of,  610. 
definition  of,  610. 
differential  diagnosis  of,  611. 
etiology  of,  610. 
symptoms  of,  610. 
actinomyces  in,  633,  647. 
anatomy  of,  461. 
anthracosis  of,  646. 
aspergillus  in,  633,  647. 
blastomyces  in,  633. 
brown  induration  of,  639. 
cancer  of,  648. 
chalicosis  of,  646. 
cirrhosis  of,  646. 
distension  of,  active,  636. 
echinococcus  cyst  of,  648. 
gangrene  of,  611. 
definition  of,  611. 
diagnosis  of,  612. 
etiology  of,  612. 
symptoms  of,  612. 
glanders  in,  633. 

hemorrhagic  infarction  of,  640,  641. 
infiltrations    of,    in    Hodgkin's    disease, 
633. 
in  leukemia,  633. 


Lung,  lymphosarcoma  of,  649. 
mucor  in,  647. 
red  induration  of,  639. 
siderosis  of,  646. 
streptothrix  in,  647. 
streptotrichosis  of,  633. 
stones  in,  534. 
svphilia  of,  632. 
thrush-fungi  in,  647. 
tumors  of,  648. 
diagnosis  and  differential  diagnosis  of, 

649. 
symptoms  of,  649. 
Lungs,  auscultation  of,  513. 

chronic  passive  congestion  of,  638. 
definition  of,  638. 
etiology  and  pathogenesis  of,  639. 
symptoms  of,  639. 
diagnosis  of  diseases  of,  596. 
edema  of,  644. 
diagnosis  of,  644. 
symptoms  and  signs  of,  644. 
emphysema  of,  636. 
examination  of,  478. 
foreign  bodies  in,  645. 
parasites  in,  645,  647. 
rOntgenography  of,  543. 
rontgenoscopy  of,  542. 
stereoscopic  views  of,  544. 
Lupus  exfoliativus,  274. 
Lupus  hypertrophicus,  274. 
Lupus  maculoBUS,  274. 
Lupus  mutilans,  274. 
Lupus  nodule,  273. 
Lupus  serpiginosus,  274. 
Lupus  tuberosus,  274. 
Lupus  vulgaris,  273. 
definition  of,  273. 
symptoms  of,  273. 
Lymphadenitis,    generalized     tuberculous, 

269. 
Lymphadenoid  tuberculosis,  269. 
Lymphosarcoma,  of  the  lung,  649. 
Lymph,  kinds  of,  used  in  vaccination,  422. 
Lymph  glands,  19. 

exploratory    puncture    of,    in    sleeping 

sickness,  77. 
tuberculosis  of,  269. 
Lysins,  107,   153. 
"tests  for,  153. 
Lysis  in  fever,  136. 
Lyssa,  383. 


M 


Mackenzie's  ink-polygraph,  747. 
Maculae  ceruleae,   15. 
Macular  syphilid,  371. 
Madura  foot,  328. 
Malaria,  aostivo-autumnal,  350. 

cerebri,  355. 

choleriform,  355. 

diagnosis  of,  355. 

epidemiology  of,  350. 

human,  346. 

parasites  of,  346. 
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Malaria,  pernicious,  350. 

quartan,  349. 

symptoms  of,  351. 

tertian,  349. 

tropical,  350. 
Malarial  cachexia,  355. 
Malarial  diseases,  346. 
Malarial  parasites,  life  history  of,  346. 
Malarial  paroxysm,  352. 
Malignant  edema,  215. 
Malignant  pustule,  214. 
Malta  fever,  212. 

Manunary  gland,  tuberculosis  of,  275. 
Manometer,  aneroid,  of  Faught,  795. 

Oliver's,  795. 

Rogers  Tycos.  795. 
Manometers,   aneroid,   795. 

compressed-air,    794. 

for  measuring  pressure  within  the  cuff 
of  a  blood-pressure  apparatus, 
794. 

mercury,  794. 
Marriage  and  tuberculosis,  279. 
Mastigophora,  pathogenic,  diseases  due  to, 

335. 
Mastoiditis,  572. 

complications  of,  573. 

diagnosis  of,  572. 

symptoms  of,  572. 
Maxillary  antritis,  565. 
Maxillary  sinusitis,  565. 
Measles,  412. 

complications  of,  416. 

concurrent,  416. 

definition  of,  412. 

diagnosis  of,  416. 

without  eruption,  414. 

etiology  of,  412. 

German,  417. 

symptoms  of,  412. 
Meat-poisoning,  typhoid  form  of,  248. 
Mediastinitis,  acute,  692. 
definition  of,  692. 
etiology  of,  692. 
symptoms  of,  692. 

chronic,  693. 

definition  of,  693. 
etiology  of,  693. 
symptoms  of,  693. 

phlegmonous,  694. 
Mediastino-pericarditis,  882. 

Brauer's  operation  in,  882. 

diastolic  sound  in,  726. 
Mediastinum,  abscess  of,  692. 

anatomy  oif,  401. 

classification  of  diseases  of,  683. 

diseases  involving  the  lymph  spaces  of, 
692. 

diagnosis  of  diseases  of,  682. 

displacements  of,  tlirough  pressure  or 
traction,  684. 

emphysema  of,  693. 

hemorrhage  into,  693. 

partial  displacements  of,  684. 

rSntgenography  of,  687. 

space-occupying  processes  in,  684. 


Mediastinum,     apace-occupying     processes 
in,   symptoms    of,    684. 

total  displacements  of,  684. 

tumors  of,  689. 
dia^osis  of,  689. 
varieties  of,  689. 
Mediterranean  fever,  212. 
Megastoma  enter icum,  335. 
Meiosta^min  reaction  (Ascoli),  176. 
Melanosis,  arsenical,  16. 
Meninges,  tuberculosis  of,  276. 
Meningitic  breathing,  484. 
Meningitis,    epidemic    cerebrospinal,    206. 
See  also  Cerebrospinal  Meningi- 
tis. 

tuberculous,  diagnosis  of,  276. 
differential  diagnosis  of,  277. 
symptoms  of,  276. 
Meningitis  meningococcica,  206. 
Meningitis  siderans,  208. 
Meningococcal  arthritis,  209. 
Meningococcal  sepsis,  209. 
Meningococci,  diseases  due  to,  205. 
Meningococcus,  205. 

in  bronchopneumonia,  608. 
Mensuration,  24. 
Mental  state,  13. 
Mercury  manometers,  794. 
Mesaortitis,  gummatous,  374. 
Mesaortitis  productiva  syphilitica,  909. 
Mesarteritis,  910. 
Metallic  bronchial  breathing,  520. 
Metastases,  in  staphylococcus  sepsis,  197. 
Miasmatic  diseases,  96. 
Miasmatic-contagious  diseases,  96. 
Microbes,  virulence  of,  104. 
Micrococcus   catarrhal  is,   in   bronchopneu- 
monia, 608. 
Micrococcus  lanceolatus,  199,  697. 
Micrococcus  melitensis,  211. 

diseases  due  to,  211. 
Micrograph  of  Crehore  and  Meara,  750. 
Microorganisms,  diseases  due  to,  331. 

vegetable,  diseases  due  to,  183. 
Microsiphomyces,  325. 
Microsporon  furfur,  310,  311. 
Microsporon  minutissimum,  310,  312. 
Microsporon  mycoses,  human,  311. 
Miliaria  crystal  Una,  16. 
Miliary       tuberculosis,      acute      general, 

277. 
Milk  sickness,  299. 

bacillus  of,  299. 

symptoms  of,  299. 
Mirror-sphygmograph  of  Frank  and  Fet- 
ter, 750. 
Mitral  facies,  892. 
Mitral  insufficiency,  893. 
Mitral  stenosis,  891. 
Mixed  breathing,  521. 
Monilia,  309. 
Monilia  Candida  Bonorden,  319. 

characteristics  of,  320. 
Monocvstis  epithelialis,  423. 
MontoVella,  309. 
Morbifli,  412. 
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Moritz  and  von  Tabora's  method  of  de- 
termining venous  blood-pres- 
sure, 811. 
Mosquito,  anopheles,  as  a  carrier  of  mala- 
ria, 348. 
Mosquitoes,  as  carriers  of  dengue  fever, 
301. 

as  carriers  of  yellow  fever,  389. 
Mountain  disease,  456. 
Mouse  typhoid,  bacillus  of,  229. 
Movements,  of  the  body,  diseases  due  to 
alterations  of  the  direction  of, 
458. 

unaccustomed,  diseases  due  to,  458. 
Mucedinacae,  322. 
Mucor,  in  lun^,  647. 
Mucor  corymbifer,  308. 
Mucor  rhizopodiformis,  308. 
Mucor  septatus,  308. 
Mucormycosis,  human,  309. 
Mucous  membranes,  14. 
Mucous   patches   in   mouth   in    secondary 

syphilis,  371,  373. 
Muenzer's  sphygmoturgograph,  797. 
Mumps,  442. 

definition  of,  442. 

diagnosis  of,  444. 

epidemiology  of,  442. 

etiology  of,  442. 

sublingual,  443. 

symptoms  of,  443. 
Murmur,  Roger's,  896. 
Murmurs,  cardiopneumatic,  524. 

heart,  727. 
Mycetoma,  328. 

definition  of,  328. 
Mycetoma  fungi,  328. 
Mycoderma  immite,  317. 
Mycoses,  306. 

due  to  sporotrichum  and  related  fungi, 
322. 

due  to  streptothrix,  325. 

due    to    yeasts    and    yeast-like    fungi, 
312. 

human,  due  to  trichophyton  tonsurans, 
310. 

human  microsporon,  311. 

resembling      Schenck's      sporotrichosis, 
325. 
Myocardial  insufficiency.     See  Circulatory 
insufficiency. 

chronic,  course  of,  864. 
Myocarditis,  877. 

acute  interstitial,  877. 

chronic  fibrous,  878. 

definition  of,  877. 

etiology  of,  877. 

parenchymatous  form  of,  877. 

pathology  of,  877. 

purulent  form  of,  877. 

rheumatic,  878. 

symptoms  of,  878. 

syphilitic,  878. 

tuberculous,  878. 
Myofibrosis  cordis,  888. 


N 
Kaevi,  16. 

Nasal  catarrh,  chronic,  554. 
Nasal  cavity,  anatomy  of,  460. 
Nasal  hydrorrhea,  660. 
Nasal  polypi,  558. 

Nasal  septum,  deflections  and  distortionB 
of,  559. 
diagnosis  of,  559. 
occurrence  of,  559. 
symptoms  of,  559. 
Nasal  spurs,  559. 
Nasopharynx,  palpation  of,  465. 
Negri  bodies,  in  hydrophobia,  385,  386. 
Neisser's  gonococcus,  202. 
Neisser-Wechsberg  phenomenon,  115. 
Nephropathic  cardiopathy,  900. 
Neuroryctes  hydrophobiae,  386. 
Nicholson's  sphygmomanometer,  794. 
Night  sweats,  in  chronic  pulmonary  tuber- 
culosis, 619. 
Nocardia  asteroides,  330. 
Nocardoses,  325. 

Nodes,  in  secondary  syphilis,  372. 
Noguchi's  butyric  acid  test,  82. 
Noguchi's  luetin  test,  177. 
Nomotopic  stimuli,  697. 
Non-exanthematous  diseases.  442. 
Nose,  diagnosis  of  diseases  of,  548. 

examination  of,  462. 

foreign  bodies  and  parasites  in,  557. 

hemorrhage  from,  657. 

inflammaterv  diseases  of,  550. 

palpation  of,  465. 

syphilis  of,  656. 

tuberculosis  of,  556. 

tumors  of,  558. 

0 

Obesity,  heart  of,  899. 

Oidiomycoses,  312. 

Oidium  albicans,  320. 

Oidium  coccidioide,  317. 

Oidium  protozonide,  317. 

Oliver-Cardarelli's  sign,  470. 
in  aortic  aneurism,  915. 

Oliver   mercurial   compressed-air   manom- 
eter, 796. 

Onychia,  in  secondary  syphilis,  372. 

Ophthalmia  neonatorum,  204. 

Ophthalmo- reaction  in  tuberculosis    (Cal- 
mette;  Wolff-Eisner),  174. 
in  typhoid  fever,  241. 
value  of,  175. 

Opisthotonos,  217. 

Opsonins,  107,  109,  118,  171. 
immune,  tests  for,  171. 

Oral  actinomycosis,  327. 

Oriental  sore,  342,  344. 

Ornithodorus  moubata,  as  a  carrier  of  re- 
lapsing fever,  365. 

Oroya  fever,  382. 

Orthodiagraphy,  50,  711,  713. 

Orthopercussion,  499. 

Orthopnea,  486. 
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Orthotonos,  217. 

Oscillomanometer,  Widmer's,  797. 
Oscillometer,  Fedde's,  797. 

Pachon's  sphygmometric,  795. 
Osteomyelitis,  acute,  198. 
acute  and  chronic,  dia^osis  and  differ- 
ential diagnosis  of,  198. 
etiology  of,  198. 
symptoms  of,  198. 
chronic,  198. 
Osteoperiostitis,  toxicogenic,  in  bronchiec- 

tasia,  594. 
Otitis  media,  acute,  preceding  mastoiditis, 

672. 
Otomycosis,  308. 
Ovary,  tuberculosis  of,  275. 
Ovination,  422. 
Ovinia,  421. 
Ozena,  555. 


Pachon's  sphygmometric  oscillometer,  796. 

Pachydermia  laryngis,  576. 

Pacemaker  of  the  heart,  827. 

Pain,  abdominal,  in  caisson  disease,  455. 

in  pleurisy,  654^  666. 

on  swallowing,  in  mumps,  443. 
Palpation,  24. 
Pars  sphygmoscope,  797. 
Pan-card  itis,  871. 
Pandy's  test,  83. 
Papilloma  of  the  larynx,  584. 
Pappataci  fever,  405. 
Paracentesis  abdominis,  71. 

in  hemopericardium,  886. 

in  hydropericardium,  886. 
Paragonimus  westermanii,  as  a  cause  of 
endemic  hemoptysis,  648. 

in  sputum,  539. 
Paraluetic  stage  of  syphilis,  374. 
Paralysis,  in  acute  poliomyelitis,  397. 

of  the  adductor  muscles,  582. 

infantile,  392. 

of  the  internal  thyro-arytenoid  muscle, 
582. 

laryngeal,  due  to  lesion  of  the  N.  recur- 
rens,  581. 

of  the  laryngeal  muscles,  580. 

of  the  N.  laryngeus  superior,  582. 

of  the  N.  vagus,  582. 

postdiphtheritic,  258. 

vasomotor,  in  acute  infections,  866. 
Parameba  hominis,  332. 
Paranasal  sinuses,  diagnosis  of  diseases  of, 
560. 

examination  of,  162. 

rSntgenography  of,  466. 

transillumination  of,  466. 
Parasaccharomycoses,  312. 
Parasites,  animal,  97. 

of  malaria,  346. 

methods  of  staining,  142. 

of  pleura,  682. 

pneumopathies  due  to,  645,  647. 

vegetable,  97. 


Parasitic  sycosis,  311. 
Parasyphilis,  374. 
Paratyphoid  bacillus,  229,  248. 
Paratyphus  abdominalis  A,  249. 
Paratyphus  abdominalis  B,  248,  249. 
Paravertebral  triangle  of  dullness  in  pleu- 
risy with  effusion,  657. 
Parendomycoses,  312. 
Paresis,  general,  374. 

juvenile,  376. 
Paronychia  syphilitica,  372. 
Parotid  gland,  swelling  of,  in  mumps,  443. 
Parotitis  epidemica,  442. 
Paroxysmal  fibrillation,  842. 
Paroxysmal  tachycardia,  836. 
Passive  congestion,  in  chronic  circulatory 

insufficiency,  863. 
Pasteuria  negrii   (Noguchi),  384. 
Pasteur's  treatment  for  the  prevention  of 

rabies,  387. 
Pasteur's  virus,  disease  due  to,  383. 
Pectoriloquy,  516. 
whispered,  516. 
Pectus  carinatum,  480. 
Pediculus  capitis  as  a  carrier  of  typhus 

fever,  301. 
Pediculus  vestimenti,  as  a  carrier  of  re- 
lapsing fever,  365. 
as  a  carrier  of  typhus  fever,  301. 
Pendulum-rhythm,  720. 
Penetrometers,  44. 
Penicillium,  308. 
Penicillium  montayai,  309. 
Percussion,  24. 
comparative,  509. 
deep,  498. 
direct,  495,  497. 
feeling  of  resistance  on,  504. 
indirect,  495,  497. 
linear,  605. 

over  lungs,  dullness  and  flatness  on,  510. 
pathological    tympanitic    sounds    on, 
511. 
palpatory,  of  Ebstein,  706. 
principles  of,  496. 
superficial,  498. 
tactile,  604. 
threshold-value,  499. 

of  Ewald-Goldscheider,  706. 
topographical,  505. 
Percussion-hammer,  495. 
Percussion  sounds,  clang-content  of,  602. 
intensity  and  quality  of,  600. 
fullness  of,  501. 
loudness  of,  501. 
metallic,  603. 
pathological   fullness   or   emptiness  of, 

611. 
pitch  of,  601. 
timbre  of,  502. 

tympanitic,   variation   in   the  pitch  of, 
512. 
Percussion-stroke,  strength  of,  499. 
Perforation,  in  typhoid  fever,  235,  239. 
Perforative   peritonitis  in  typhoid  fever, 
239. 
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Periarteritis,  910. 
Periarteritis  nodosa,  912,  920. 

definition  of,  920. 

diagnosis  of,  921. 

symptoms  of,  920. 
Pericardia]   cavity,   exploratory   puncture 

of,  70. 
Pericardial   friction  fremitus,  767. 
Pericardial  friction  sounds,  740. 
Pericarditis,  879. 

classification  and.  pathology  of,  879. 

definition  of,  879. 

diagnosis  of,  883. 

with  eflTusion,  879. 

etiology  of,  879. 

fibrinous  or  dry,  879. 

hematogenous  form  of,  879. 

lymphogenous  form  of,  879. 

symptoms  of,  879. 
Pericarditis  adhesiva,  880. 
Pericardium,  adherent,  880. 

associated   with   mediastino-pericardi- 
tis,  881. 

Broadbent's  sign  in,  881. 

non-infiammatory  diseases  of,  885. 
Periostitis,  chronic  ^mmatous,  in  congen- 
ital syphilis,  376. 

syphilitic,  374. 
Perisporiacea,  308. 
Peritoneal    cavity,    exploratory    puncture 

of,  71. 
Peritonitis,  perforative,  in  typhoid  fever, 

239. 
Pernicious  malaria,  350. 
Pertussis,  222. 
Petechiae,  16. 
Peyer's  patches,  hyperplasia  of,  232. 

necrosis  and  sloughing  of,  234,  235. 
Pfeiflfer's  experiment,  153. 
Phagocytosis,   106. 

Pharyngeal  tonsil,  hypertrophy  of,  464. 
Pharyngoscopy,  464. 
Phlebitis  and  thrombophlebitis,  921. 
Phlebogram,  normal,  778. 
Phlebograms,  746,  777. 
Phlebosclerosis,  923. 
Phlebotomus  pappatacii,  as   a  carrier  of 

pappataci  fever,  405. 
Phlegmasia  alba  dolens,  921. 
Phonoscope  of  Weiss,  721. 
Phthisis,  acute,  266. 
symptoms  of,  266. 

acute  tuberculous  pulmonary,  614. 

chronic  fibroid,  268. 

chronic  ulcerative,  266. 
anamnesis  in,  266. 
physical  findings  in  the  lungs  in,  267. 

gold-miner's,  646. 

pneumonic   form  of,   266. 

pulmonary,  265,  613. 
Phthisis  florida,  266,  619. 
Phthisis  incipiens,  267. 
Phthisis  renum,  275. 
Phycomycetes,  308. 

Physical  causes,  diagnosis  of  diseases  due 
to,  445. 


Physical  methods  of  diagnosis,  25. 
Pick's  syndrome,  883. 
Pigeon  breast,  480. 
Pigeon-fancier's  disease,  308. 
Pigeon- feeders,  disease  of,  647. 
Pigmentation,  16, 
Piles,  923. 
Pinta,  309. 

von  Pirquet's  cutaneous  tuberculin  reac- 
tion, 173. 
Pityriasis  rosea,  310. 
Pityriasis  versicolor,  311. 
Placenta,  tuberculosis  of,  275. 
Plague,  225. 

definition  of,  225. 

diagnosis  of,  226. 

incubation  period  in,  225. 

portals  of  entry  of  infection  in,  22^, 

symptoms  of,  226. 
Plague  bacillus,  225. 

diseases  due  to,  225. 
Plague  bubo,  226. 
Plague  carbuncle,  226. 
Plague  pneumonia,  225. 
Plague  pustule,  226. 

Plasmodium    immaculatum    sive    precox, 
350. 

Plasmodium  malariae,  349. 
Plasmodium  vivax,  349. 
Plastic  pleurisy,  654. 
Pleocytosis,  93. 
Plessimeter,  495,  497. 
Plessimeter-finger,  497. 
Plethysmograms,  747.  • 

Plethysmograph,  751. 
Pleura,  circulatory  disturbances  involvine, 
673. 

diagnosis  of  diseases  of,  653. 

inflammations  of,  653. 

inflammations  of,  pathology  of,  653. 

parasites  of,  682. 

tumors  of,  680. 
Pleural  cavity,  anatomy  of,  461. 

exploratory  puncture  of,  67,  68,  69. 

gas  in,  675. 
Pleural  friction  sounds,  524. 
Pleural  thickening,  664. 

definition  of,  664. 

etiology  of,  665. 

exploratory  puncture  in,  665. 

symptoms  and  signs  in,  665. 
Pleurae,  examination  of,  478. 
Pleurisy,  653. 

diaphragmatic,  660. 

dry,  654. 

with  effusion,  655. 
definition  of,  655. 
diagnosis  of,  660. 
etiology  of,  655. 
exploratory  puncture  in,  660. 
symptoms  and  signs  of,  655. 

fetid,  664. 

interlobar,  660. 

mediastinal,  660. 

plastic,  654. 

with  purulent  exudate,  661. 
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Pleurisy^  with  purulent  exudate,  diagnosis 
of,  663. 
etiology  of,  661. 
symptoms  and  signs  of,  661. 
with  putrid  exudate,  664. 
etiology  of,  664. 
exploratory  puncture  in,  664. 
symptomatology  of,  664. 
with   serous   or    serofibrinous    effusion, 

655. 
serofibrinous,  as  a  part  of  a  polysero- 
sitis, 660. 
with  serohemorrhagic  effusion,  661. 
Pleuritis,  653. 
ozenous,  664. 
Pleuritis  chronica  productiva,  664. 
Pleuritis  exudativa,  655. 
Pleuritis  purulenta,  661. 
Pleuritis  serofibrinosa,  655. 
Pleuritis  serosa,  655. 
Pleuritis  sicca,  654. 
Pleuritis  suppurativa,  661. 
Pleuropericardial  friction,  524. 
Pleuropericardial  friction  sounds,  741. 
Pneumobacillus,  diseases  due  to  213,  508. 
Pneumococcal  septicemia,  202. 
Pneumococci,  diseases  due  to,  199. 
differentiation  of,  from  streptococci,  200. 
pathogenic,  199. 
m  sputum,  538. 
Pneumococcus,  199,  697. 

in  bronchopneumonia,  008. 
Pneumococcus  mucosus,  200. 
Pneumography,  490. 
Pneumonia,  apical,  600. 
aspiration  608. 
asthenic,  601. 
caseous,  614,  619. 
catarrhal,  607. 
central,  601. 
chronic  ulcerative,  610. 
croupous,  202,  597. 
double,  601. 
embolic,  608,  610. 
ether,  608. 
fibrinous,  597. 
focal,  607. 
foreign-body,  608. 
genuine  lobar,  597. 
complications  of,  601. 
definition  of,  597. 
diagnosis  of,  601. 
etiology  of,  597. 
sequelae  of,  601. 
special  forms  of,  600. 
symptoms  of,  598. 
hypostatic,  608. 
lobar,  202. 
lobular,  607. 
massive,  601. 
metastatic,  610. 
plague,  225. 
pleurogenous,  613. 
pseudolobar,  608. 
tuberculous,  in  children,  285. 
Pneumonia  migrans,  600. 


Pneumonias,  597. 

interstitial,  613. 

parenchymatous,  597. 
Pneumonic  plague,  226. 
Pneumonoconioses,  645. 

definition  of,  645. 

disposition  to,  646. 

symptoms  of,  646. 

varieties  of,  646. 
Pneumonomycosis  aspergillina,  308. 
Pneumopathies,  596,  597. 

characterized  by  alterations  of  the  al- 
veolar lumen,  634. 

of  circulatory  origin,  638. 

due  to  foreign  bodies  and  parasites,  645. 

neoplastic.  648. 

specific  inflammatory,  613. 
Pneumopericardium,  886. 
Pneumothorax,  675. 

artificial,  676. 

closed,  670. 

external,  675. 

internal,  675. 

open,  675. 

valvular,  676. 
Poliomyelitis  acuta  adultorum,  399. 
Poliomyelitis,  acute,  virus  of,  392. 

acute   anterior,   392.     See   also   Heine- 
Medin  Disease. 

rudimentary,  of  E.  Mllller,  399. 
Polyarthritis,  acute  rheumatic,  191. 

gonococcal,  204. 
Polyarthritis  meningococcica,  209. 
Polyarthritis  rheumatica  acuta,  191. 
Polycythemia,    chronic,    hypertension    in, 

807. 
Polycythemia  hypertonica,  807. 
Polygraph  of  A.  G.  Gibson,  750. 

ink,  of  James  Mackenzie,  747. 
Polypi,  nasal,  558. 
Portal  of  entry,  in  small-pox,  424. 

in  acute  poliomyelitis,  396. 

of  infections,  100. 
Portal  vein,  obstruction  of,  17. 
Posadasia  esseriforme,  317. 
Postdiphtheritic  paralyses,  258. 
Post-typhoid  psychosis,  236. 
Post-typhoidal  elevations  of  temperature, 

241. 
Posticus  paralysis,  581. 
Potassium -iodid-starch    method   for   cata- 

lyser  action,  176. 
Pott's  disease  of  the  spine,  272. 
Precipitin  test,  for   human   blood,  170. 

for  meningococcal  infection,  171. 
Precipitins,  109,  119,  170. 

bacterioprotein,    120. 

protein,  120. 

tests  for,  170. 
Precordial  boss  or  voussure,  702. 
Precordial   crackling   of   mediastinal   em- 
physema, 742. 
Precordial  movements  other  than  the  apex- 
beat,  763. 
Precordium,  wave- like  movements  of,  763. 
Pregnancy  and  tuberculosis,  278. 
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Preventive  inoculation,  In  tjrphoid  fever, 

242. 
Profeta*8  law  in  congenital  syphilis,  375. 
Prostate,  tulKTculosis  of,  275. 
Protein,  anaphylactic  test  for    (Pfeiffer), 

179. 
Protozoa,  diseases  due  to,  331. 
Pseudo-actinomycoses,  329. 
Pseudochylous  effusion,  674. 
Pseudotuberculosis  aspergillina,  308,  647. 
Psoriasis,  syphilitic,  372. 
Psychosis,   exhaustion,  in  typhoid  fever, 
236. 

post-typhoid,  236. 
Ptomains,  102. 
Puerile  breathing,  518. 
Puerperal  sepsis,  streptococcal,  189. 

streptococcal,  diagnosis  of,  189. 
Pulex  cheopis,  as  a  carrier  of  plague  ba- 
cilli, 225. 
Pulex  irritans,  as  a  carrier  of  Leishmania 

infantum,  344. 
Pulex  serraticeps,  as  a  carrier  of  Leish- 
mania infantum,  344. 
Pulmonary  actinomycosis,  327. 
Pulmonary  anthrax,  214. 
Pulmonary  artery,  diagnosis  of  aneurisms 
of,  916. 

pulsations  over,  764. 
Pulmonary  conus,  dilated,  895. 
Pulmonary  embolism,  640. 
Pulmonary  gangrene,  611. 
Pulmonary  hemorrhage,  639. 
Pulmonary  insufficiency,  894,  895. 
Pulmonary  resonance,  limits  of,  605. 
Pulmonary  stenosis,  893,  895. 
Pulmonary  thrombosis,  640. 
Pulmonary  sounds,  pulsatile,  741. 
Pulmonary  tuberculosis,  265,  613. 

early  diagnosis  of,  in  adults,  280. 
in  children,  283. 
Pulsations,  in  abdomen,  767. 
Pulsations,  in  the  hack,  767. 

epigastric,  767. 

hepatic,  768. 
Pulse,  alternating,  771. 

arterial,  graphic  registration  of,  773. 
palpation  of,  770. 

in  arteries,  769,  770. 

in  capillaries,  769. 

complete  dicrotic,  775. 

curves  or  tracings  of,  773. 

equality  of,  773. 

extrasystolic  irregularities  of,  771. 

frequency  of,  770. 

fullness  of,  772. 

infradicrotic,  774. 

irregular,  771. 

monocrotic,  775. 

in  pneumonia,  599. 

quickness  or  celerity  of,  772. 
•   regular,  771. 

respiratory  irregularities  of,  771. 

rhythm,  7*71. 

supradicrotic.  775. 

tension  of,  772, 


Pulse,  value  of,  studies  of,  769. 

venous,  769,  776. 

volume  of,  771. 
Pulse  pressure,  791. 
Pulse  pressure  amplitude,  791. 
Pulse  tracings,  in  heart  block,  852. 

in  pulsus  altemans,  846. 
Pulsus  altemans,  826,  846. 

pulse  tracings  in,  846. 

significance  of  electrocardiogram  in,  847. 
Pulsus  bigeminus,  830,  846. 
Pulsus  irregularis  respiratorius,  827. 
Pulsus  paradoxus,  in  chronic  mediastini- 

tis,  603. 
Pulsus  trigeminus,  830. 
Punctates,  appearance  of,  78. 

bacteriological  examination  of,  86. 

cytodi agnostic  examination  of,  86. 

freezing-point  of,  80. 

molecular  concentration  of,  80. 

odor  of,  78. 

physical  and  chemical  examination  of, 
78. 

protein  content  of,  79. 

serological  examination  of,  86. 

specific  gravity  of,  79. 
Purpura  variolosa,  427,  432, 
Pustule,  malignant,  214. 

of  plague,  226. 
Pyocyaneus  sepsis,  261. 
Pyopneumothorax,  663,  675,  677,  679. 
Pyorrhea,  amebic,  334. 


Quantimeter  of  KienbSck,  43,  49. 
Quantimetry,  47. 
Quartan  malaria,  349. 
Quincke's  edema,  19. 


Rabies,  383. 

definition  of,  383. 

diagnosis  of,  385. 

immunity  in,  383. 

incubation  period  in,  383. 

symptoms  of,  384. 

virus  of,  383. 
Kadial,  goose-neck,  906. 
Radio-injury,  precautions  against,  452. 
Radiometer  of  Sabouraud-Noire,  43,  47. 
Radiometry,  47. 

Radium,  diseases  due  to  injuries  from,  451. 
Rag-picker's  disease,  214. 
RAles,  522. 

in  abscess  of  the  lung,  611. 

in  acute  pulmonary  tuberculosis,  619. 

in  bronchopneiunonia,  608. 

cardiac,  524. 

in  chronic  pulmonary  tuberculosis,  617, 
618,  619. 

crepitant,  522. 

dry,  522. 

in  emphysema,  637. 

gurgling,  522. 
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Rales,  medium  sized  bubbling,  622. 
metallic  ringing,  623. 
moist,  522. 

non-ringing  or  non-consonating,  623. 
in  pneumonoconiosis,  646. 
ringing,  or  consonating,  623. 
sut^repitant,  622. 
Rash,  in  chicken-pox,  419. 
copper -colored,  in  syphilis,  371. 
in  German  measles,  418. 
in  measles,  413,  414,  416. 
in  Rocky  Mountain  spotted  fever,  441. 
in  scarlet  fever,  408. 
in  smallpox,  426,  427,  429,  431,  432, 

433. 
in  typhus  fever,  303. 
Rat  flea  as  a  carrier  of  plague  bacilli, 

225. 
Rat  sarcoma,  406. 

Rauchfuss's  triangle,  in  pleurisy  with  ef- 
fusion, 667. 
Ray-fungus,  326. 

von  Recklinghausen's  method  of  determin- 
ing the  minimal  arterial  blood 
pressure,  800. 
von  Recklinghausen's  tonometer,  796. 
Rectifying-switch  apparatus,  30,  31,  32. 
Recurrens  paralysis,  complete,  681. 

partial,  681. 
Relapses  in  dysentery,  253. 

in  typhoid  fever,  237. 
Relapsing  fever,  366. 
definition  of,  366. 
diagnosis  of,  368. 
symptoms  of,  365. 
mode  of  infection  in,  366. 
Renal  disease,  chronic  diffuse,  hyperten- 
sion in,  806. 
Renal  tuberculosis,  chronic,  276. 
Resistance,  106,  106,  107. 

feeling  of,  on  percussion,  604. 
Respiration,    frequency    and    rhythm    of, 

483. 
Respiratory     abdominal     reflex     of     R. 

Schmidt,  in  dry  pleurisy,  665. 
Respiratory  apparatus,  diagnosis  of   dis- 
eases of,  460. 
Respiratory  movements,  inspection  of,  482. 
Respiratory  system,  diagnosis  of  diseases 

of,  648. 
Retro-ovination,  422. 
Retro-vaccinia,  422. 
Rhagades,  in  congenital  syphilis,  376. 
Rheostat,  29. 

Rheumatic  fever,  acute,  191. 
etiology  of,  191. 
deflnition  of,  191. 
symptoms  of,  193. 
Rheumatism,  acute  articular,  191. 
chronic  articular,  196. 
gonorrheal,  204. 
Rhinitis,  650. 

acute  catarrhal,  550. 

complications  and  sequelae  of,  660. 
symptoms  of,  550. 
acute  pseudomembranous,  551. 


Rhinitis,  acute  purulent,  661. 

acute  purulent,  complications  of,  661. 
etiology  of,  661. 

chronic,  654. 

chronic  atrophic,  655. 

chronic  purulent,  664. 

protective  or  hyperplastic,  664. 

syphilitic,  376. 
Rhinomycosis,  308. 
Rhinorrhea,  660. 

cerebrospinal,  660. 
Rhinoscleroma,  213. 

bacillus  of,  213. 
Rhinoscopy,  anterior,  462, 

posterior,  464. 
Rhizopoda,  97. 

pathogenic,  diseases  due  to,  332. 
Rhodesian  trypanosomiasis,  339. 
Rhonchi,  522. 

sibilant,  622. 

sonorous,  522. 
Rice-water  stools  in  Asiatic  cholera,  297. 
Rickety  rosary,  481. 
Rigg's'  disease,  334. 
Rigor,  134. 
Rinffworm,  eczematous,  310. 

of  the  hairy  scalp  and  beard,  310. 

of  the  nails,  311. 

superficial,  310. 
Risus  sardonicus,  217. 
Rivalta's  test,  80. 

Riva  Rocci's  sphygmomanometer,  792,  794. 
Rockv  Mountain  spotted  fever,  441. 

definition  of,  441. 

differential  diagnosis  of,  441. 

etiology  of,  441. 

symptoms  of,  441. 
R&ntgen  apparatus,  27. 
R5ntgen-cinematography,  29. 
RQntgen  energy,  quantitative  measurement 

of,  43. 
Rdntgen-injury  of  the  skin,  462. 

of  the  sex  glands,  463. 
R($ntgenograms,  of  heart  and  aorta,  747. 
Rcintgenography,  27. 

in  aortic  aneurism,  916. 

in  adherent  pericardium,  883. 

cinematographic,  63. 

of    ethmoidal    and    sphenoidal    sinuses, 
467. 

exposure  time  in,  68. 

of  frontal  sinuses,  466. 

hardness  of  tubes  used  in,  58. 

instantaneous,    value   of    single-impulse 
apparatus  in,  29. 

of  lungs,  643. 

of  maxillary  sinuses,  467. 

of  mediastinimi,  687. 

photographic  technic  in,  62. 

in  pulmonary  tuberculosis,  621. 

special  clinical  applications  of,  60. 

stereoscopic,  60. 

technic  of,  57. 

use  of  intensifying  screen  in,  43. 
Rontgenology,  qualitative  and  quantative 
measurements  in,  44. 
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RdntgenoBcopy,  27. 

in  adherent  pericardium,  883. 

in  aortic  aneurism,  915. 

of  chest,  in  pleurisy  with  effusion,  659. 

horizontal,  56. 

of  lungs,  542. 

in  pneumonia,  599. 

in  pneumothorax,  677. 

in  pulmonary  tuberculosis,  621. 

simple,  of  cardiovascular  stripe,  709. 

technic  of,  53. 

use  of  fluorescent  screen  in,  43. 

vertical,  55. 
R5ntgen  rays,  apparatus  for  production  of, 
27. 

biolo^cal  effects  of,  43. 

chemical  effects  of,  43. 

clinical  application  of,  53. 

diseases  due  to  injuries  from,  451. 

divergent,  50. 

dosage  of,  47. 

"erythema  dose"  of  48. 

examination  with,  27. 

in  examination  of  lungs,   pleurae  and 
diaphragm,  542. 

origin,  nature  and  properties  of,  40,  41, 
42. 

parallel,  50. 

penetrability  of,  42. 

projection  of,  50. 

propagation  of,  42. 

secondary  radiation  of,  42. 
ROntgen  tubes,  34,  35,  36,  37,  39,  44. 
Roger's  murmur,  896. 
Rogers  Tycos  manometer,  795. 
Rose  spots  in  typhoid  fever,  234. 
Rosenbach's     '*paIpatory     puncture,"     in 

pleural  thickening,  665. 
Roseola  syphilitica,  371. 
Ro88  and  Jones's  test,  82. 
Roteln,  417. 

Rous,  filtrable  virus  of,  405. 
Rubeola,  417. 

definition  of,  417. 

diagnosis  of,  418. 

etiology  of,  417. 

prognosis  of,  418. 

symptoms  of,  418. 
Rupia  syphilitica,  371. 


S 


Sabouraud-Noire's  radiometer,  43. 
Saccharomyces  non-1  iquefaciens,  320. 
Saccharomycoses,  312. 
Saddle-nose,  in  syphilis,  374,  376. 
Sahli's  absolute  sphygmogram,  809. 
Sahli's  sphygmobolometry,  817. 
Salpingitis,  gonococcal,  as  a  cause  of  ster- 
ility, 203. 
Salpingitis  tuberculosa,  275. 
San  Joaquin  Valley  disease,  317. 
Sarcoma  of  the  larynx,  583,  585. 

of  the  pleura,  680. 

transmissible,  405. 


Sarcosporidia,  382. 
Scarlatina,  407. 

surgical,  409. 
Scarlet  fever,  407. 

abortive,  409. 

anginose,  409. 

complications  and  sequelae  of,  409. 

definition  of,  407. 

diagnosis  of,  410. 

etiology  and  epidemiology  of,  407. 

fulminant,  409. 

hemorrhagic,  409. 

prognosis  of,  410. 

symptoms  of,  408. 
Scars,  16. 

Schaudinn's  spirochaeta  pallida,  368. 
Schenck's  disease,  322. 
Schick's  intracutaneous  teat  in  diphtheria, 

256. 
Schizomycetes,  97. 

Schizotrypanum  cmzi,  336,  337,  339. 
Scleroma  bacillus,  diseases  due  to,  213. 
Screen,  fluorescent,  in  r5ntgenoscopy,  43. 

intensifying,  in  rdntgenography,  43,  60. 
Scrofula,  269. 
Scrofulids,  286. 
Scrofuloderma,  274. 
Sea-sickness,  458. 

Seminal  vesicles,  tuberculosis  of,  275. 
Sepsis,  meningococcal,  209. 

otogenous,  189. 

pyocyaneus,  261. 

streptococcal  puerperal,  189. 
Septicemia,  anthrax,  214. 

pneumococcal,  202. 

staphylococcal,  197. 

streptococcal,  185. 
Seropneumothorax,  675,  679. 
Serositis,  tuberculous,  270. 
Serous  membranes,  tuberculosis  of,  270. 
Seriun  disease,  126. 
Sex  glands,  rdntgen-injury  of,  453. 
Sheep-pox,  421. 

Shock,  surgical,  hypotension  in,  809. 
Siderosis,  of  lung,  646. 
Silvermann's  tonograph,  797. 
Singer's  nodes,  576. 
Singer's  sphygmomanometer,  796. 
Sinus,  maxillary,  sounding  of,  469. 
Sinus  thrombosis,  streptococcal,  189. 
Sinuses,  ethmoidal  and  sphenoidal,  r5nt^ 
genography  of,  467. 

frontal,  r5ntgenography  of,  466. 

maxillary,  riJntgenography  of,  467. 

paranasal.     See  Paranasal  Sinuses. 
Sinusitis,  causes  of,  563. 

ethmoidal,  569. 
diagnosis  of,  569. 
symptoms  of,  569. 

frontal,  567. 

diagnosis  of,  569. 
symptoms  of,  567. 

maxillary,  565. 
definition  of,  565. 
differential  diagnosis  of,  566. 
symptoms  of,  565. 


INDEX 


973 


Sinusitis,  sphenoidal,  670. 
diagnosis  of,  572. 
symptoms  of,  570. 
Sinusoscopy,  465. 
Situs  inversus  cordis,  897. 
Skin,  examination  of,  14,  20,  44. 

rOntgen-injury  of,  462. 

tuberculosis  of,  273. 

ulcerative  miliary  tuberculosis  of,  274. 
Skoda*8  resonance,  in  pleurisy  with  effu- 
sion, 657. 

in  pneumonia,  698. 
Skull  cavity,  exploratory  puncture  of,  77. 
Sleeping  sickness,  338. 
Small-pox,  421. 

black,  427,  432. 

complications  of,  433. 

contagiousness  of,  425. 

definition  of,  421. 

dianiosis  of,  433. 

epidemiology  of,  424. 

the  eruptive  stage  of,  428. 

etiology  of,  423. 

the  florid  stage  of,  429. 

immunity  in,  425. 

incubation  period  in,  425. 

mortality  from,  426,  431. 

occurrence  of,  421. 

portal  of  entry  of  virus  of,  424. 

susceptibility  to,  425. 

symptoms  of,  426. 
Smears,  examination  of,  140. 
Snuffles,  in  congenital  syphilis,  375. 
Soft  chancre.  264. 

bacillus  01,  264. 
Sore,  Bagdad,  344. 

tropical,  344 
Sphenoidal  sinusitis,  670. 
Sphygmobolometry,  Sahli's,  817. 
Sphygmogram,  the  absolute,  809. 
Sphygmograph,  747. 
Sphygmography,  773. 
Sphvgmomanometer  of  von  Basch,  792. 

of  Bendick,  795. 

Sing's  797. 

of  Cook,  794. 

Erlanger's,  796. 

mercury,  of  Faught,  794. 

recording,  Gibson's,  796. 

of  Hertz,  796. 

of  Hill,  794. 

of  Janeway,  794. 

of  Nicholson,  794. 

of  Riva  Rocci,  792,  794. 

Singer's,  796. 

of  Staunton,  794. 
Sphygmomanometry,  790. 
Sphygmoscope,  Pal's,  797. 
Sphygmosignal,  Vaquez's,  797. 
Sphygmotonograph,  Brugsch's,  797. 

Bussenius,  797. 

l^skoff's,  796. 
Sphygmoturgograph,  Muenzer's,  797. 
Spine,  caries  of,  272. 

Pott's  disease  of,  272. 
Spirals,  Curschmann's,  632. 


Spirochaeta  carter i,  366. 
Spirochaeta  duttoni,  365. 
Spirochaeta  novyi,  365. 
Spirochaeta  obermeieri,  365. 
Spirochaeta  pallida,  368. 
Spirometry,  488. 
Splashing  sounds,  742. 
Spleen,  exploratory  puncture  of,  77. 

in  malaria,  354. 
Splenome^ly,  tropical,  343. 
Spondylitis  tuberculosa,  272. 
Spores,  stains  for,  145. 
Sporotrichum,  322. 

properties  of,  322. 

and  related  fungi,  mycoses  due  to,  322. 
Sporozoa,  97. 

pathogenic,  diseases  due  to  382. 
Sporotrichoses,  322. 
Sporotrichosis,  prognosis  of,  324. 

symptoms  of,  324. 
Spotted  fever,  300. 
Sputum,  actinomyces  in,  639. 

in  acute  pulmonary  tuberculosis,  619. 

amount  of,  531. 

aspergillus  in,  539. 

bacteria  in,  537. 

black,  530. 

blastomyces  in,  539. 

bloody,  629. 

blue,  530. 

cells  in,  634. 

in  chronic  pulmonary  tuberculosis,  617. 
618,  619. 

color  of,  630. 

consistence  of,  630. 

crystals  in,  636. 

elastic  fibers  in,  636. 

in  emphysema,  637. 

Entameba  histolytica  in,  640. 

after  perforation  of  lung  by  liver  ab- 
scess, 648. 

examination  of,  526. 

in  gangrene  of  the  lung,  612. 

heart  failure  cells  in,  530. 

heraatoidin  crystals  in,  536. 

influenza  bacilli  in,  538. 

lung  tissue  in,  531. 

microscopic  study  of,  534. 

mucopurulent,  629. 

mucous,  528. 

nummular,  529. 

odor  of,  530. 

Paragonimus  westermanii  in,  539. 

parasites  in,  537. 

pneuraococci  in,  538. 

m  pneumonoconiosis,  646. 

protein-content  of,  530. 

prune-juice,  529. 

purulent,  529. 

raspberry- jelly-like,    in    tumors    of    the 
lung,  649. 

rusty,  629. 

serous.  629. 

sources  of,  526. 

sulphur  granules  in,  539. 

tubercle  bacilli  in,  538. 
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Sputum,  varieties  of,  628. 

white,  530. 

yellow,  630. 
Sputum  fragments,  631. 
Stable-fly,  as  a  carrier,  of  acute  poliomye- 
litis, 394,  395. 
Staphylococcal  septicemia,   197. 
Staphylococci,  diseases  due  to,  197. 

portals  of  entry  of,  197. 
Staphylococcus,  in  bronchopneumonia,  608. 
Staphylococcus  albus,  197. 
Staphylococcus  aureus,  197. 
Staphylococcus  citreus,  197. 
Staphylolysin,   197. 
Stasis-dilatation,  of  heart,  888. 
Status  praesens,  7,  10,  22. 
Staunton's  sphygmomanometer,  794. 
Stegomyia  calopus  fasciata,  as  a  carrier  of 

yellow  fever,  389. 
Stenocardiac  attacks,  901. 
Stethometer,  of  Burdon-Sanderson,  490. 

of  Gibson,  490. 
Stereoscope,  Wheatstone,  61. 
Stereoscopic  views  of  lungs,  544. 
Stimulins,  107. 
Stokes'  collar,  685. 
Stomatitis  epidemica,  404. 
Storooxys  calci trans,  as  a  carrier  of  acute 
poliomyelitis,  394,  395. 

as  a  carrier  of  leprosy,  293. 
Strawberry  tongue,  in  scarlet  fever,  408. 
Strasburger's  method  of  estimating  func- 
tional capacity  of  heart,  815. 
Streptococcal  angina,  190. 
Streptococcal  arthritis,  chronic,  196. 
Streptococcal  puerperal  sepsis,  189. 
Streptococcal  septicemia,  185. 
Streptococcal    sinus    thrombosis    (otogen< 

0U8  sepsis),  189. 
Streptococci,  diseases  due  to,  183. 
Streptococcus,  in  bronchopneiunonia,  608. 
Streptococcus  mucosus,  183. 
Streptococcus  putridus,  183. 
Streptococcus  pyogenes,  183. 
Streptococcus  viridans,  183. 

as  the  cause  of  endocarditis  lenta,  875. 
Streptococcus  vulgaris  hemolyticus,  18:{. 
Streptothrices,  306. 
Streptothrix,  97. 

in  lung,  647. 

mycoses  due  to,  325. 
Streptothrix  actinomyces,  326. 
Streptothrix  foersteri,  325. 
Streptothrix  fret^ri,  328. 
Streptotrichoinycose.s,  329. 

of  the  brain',  330. 

of   the   digi'Htive   tract,   329. 

of  the  eye,  330. 

of  the  lungs,  329. 

of  the  skin,  329. 
Streptotrichosis,  of  the  lung,  633. 
Streptotrichoses,  325. 
Stridor,  470. 
Subarachnoid  space,  exploratory  puncture 

of,  72. 
Substance  seiiHibilitrico.   115. 


Subsultus  tendinum  in  typhoid  fever,  234. 
Succussion  splash,  525. 

Hippocratic,  677. 

in  pneumopericardium,  886. 
Sulphur  granules,  326. 

in  sputum,  539. 
Sun-stroke,  445. 

Sweat,  bloody,  from  Bacillus  prodigiosus, 
16. 

green,  in  infections  with  Bacillus  pyo- 
cyaneus,  16. 

sour,  in  rheumatic  fever,  194. 

yellow,  in  jaundice,  16. 
Sweating-sickness,  44 1 . 
Sycosis,  parasitic,  311. 
Syphilid,  gummatous,  371. 

macular,  371. 

miliary,  371. 

papular,  371. 

pustular,  371. 

ulcerative,  371. 
Syphilis,  368. 

acquired,  369. 
diagnosis  of.  374. 
symptoms  of,  369,  371,  374. 

cerebrospinal,  374. 

congenital,  375. 
symptoms  of,  375. 

definition  of,  369. 

lenticular,  371. 

of  the  lung,  632. 

para  luetic  stage  of,  374. 

primary,  369. 

secondary,  371. 

tertiary,  374. 

visceral,  374. 
Syphilis  hereditaria  tarda,  376. 
Syphilitic  aortitis,  910. 
Syphilitic  laryngitis,  678. 
Systolic  blood-pressure,  790. 
Szillard's  ionto-quantimeter^  43»  48. 


Tabes,  juvenile,  376. 
Tabes  dorsalis,  374. 
Tabes  mesenterica,  269. 
Tachograph,  751. 
Tachograms,  747. 
Tachycardia,  720,  770. 

paroxysmal,  826,  836. 
Tachypnea,  484. 
Tactile  percussion,  604. 
Teeth,  Hutch  insonian,  in  congenital  syph- 
ilis, 376. 
Telangiectases,  16. 
Telerontgenography,  51,  711,  716. 
Telerontgenoscopy,  51. 
Temperature,  14,  131. 

measurement  of,  132. 

normal,  133. 
Temperatures,  febrile,  134. 
Tertian  malaria,  349. 
Testis,  tuberculosis  of,  275. 
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{Tetanus,  htiinan,  216. 
course  of,  217. 
definition  of,  216. 
diagnosis  of,  218. 
incubation  period  in,  217. 
portals  of  entry  of  infection  in,  217. 
symptoms  of,  217. 
Tetanus  antitoxin,  216. 
Tetanus  bacillus,  216. 

diseases  due  to,  216. 
Tetanus  facialis,  217. 
Tetanus  hydropliobicus,  217. 
Tetanus  idiopathicus,  217. 
Tetanus  neonatorum,  217. 
Tetanus  puerperalis,  217. 
Tetanus  rheumaticus,  217. 
Tetanus  toxin,  216. 
Tetanus  traumaticus,  217. 
Thermometry,  132. 
Thoracentesis,  69. 
Thoracography,  490. 
Thoracolysis  pericardiaca,  882. 
Thorakograph  of  Fick,  490. 

of  Levy-Dohm,  490. 

of  P.  Bert,  490. 
Thorax,  asymmetry  of,  481. 

barrel-shaped,  480. 

contraction  of,  481. 

emphysematous,  480. 

expansion  of,  481. 

expiratory  type  of,  479. 

forms  of,  479. 

inspection  of,  479. 

inspiratory  type  of,  480. 

mensuration  of,  495. 

normal,  481. 

palpation  of,  494. 

retraction  of,  in  pleural  thickening,  605. 
Thorax  paralyticus,  479. 
Thread  reaction,  for  agglutinins,  121. 
Threshold-value  percussion,  499. 
Thrills  over  heart,  766. 
Thromboangeitis  obliterans,  920. 
Thrombo-endocarditis  septica,  872. 
Thrombo-endocardifis  superficial  is,  872. 
Thrombophlebitis,  recurring,  921. 
Thrombosis,  919. 

pulmonaiy,  640,  643. 
Thrush,  319. 
Thrush  fungi,  diseases  due  to,  319. 

in  lung,  647. 
Thrush  mycosis,  312. 
Thyreotoxic  cardiopathy,  901. 
Thyroiditis  parasitaria,  336,  337,  339. 
Ticks,  as  carriers  of  relapsing  fever,  365. 

as  carriers  of  Rocky  Mountain  spotted 
fever,  441. 
Tonicity  of  heart  muscle,  failure  of,  870. 
Tonograph,  Silvermann's,  707. 
Tonometer  of  GUrtner,  792,  794. 

von  Recklinghausen's,  796. 
Tonometry,  790. 

Tonsil,  pharyngeal,  hypertrophy  of,  4C4. 
Tonsillitis,  as  a  factor  in  causing  acute 

rheumatic  fever,  193. 
Toxins,  101. 


Trachea,  anatomy  of,  461. 

auscultation  or,  471. 

diagnosis  of  diseases  of,  586. 

examination  of,  470. 

inspection  of,  470. 

palpation  of,  470. 

stenosis  of,  595. 
Tracheal  breathing,  519. 
Tracheal  tug,  470. 

in  aortic  aneurism,  914. 
Tracheitis,  585. 

Tracheobronchitis,  acute  catarrhal,  586. 
etiology  of,  586. 
physical  signs  in,  587. 
symptoms  of,  586. 
Tracheopathies,  586. 
Tracheostenosis,  695. 
Trachoma  of  vocal  cords,  576. 
Transformer,  30. 
Transillumination    in    rontgenoscopy,    55, 

67. 
Transudates,  80. 
Trembles,  the,  300. 
Treponema  pallidum,  368. 

stains  for,  144. 
Treponema  pertenue,  379. 
Triatoma,  337. 

Trichomonas  intestinalis,  335. 
Trichomonas  vaginalis,  335. 
Trichomycetes,  97. 
Trichophytia  profunda,  311. 
Trichophytia  superficialis,  310. 
Trichophytia  tonsurans  capillatii,  310. 
Trichophytia  unguium,  311. 
Trichophyton,  308. 
Trichophyton  tonsurans,  310. 

human  mycosis  due  to,  310. 
Tricuspid  insufficiency,  895. 
Tricuspid  stenosis,  894. 
Trigeminal  pulse,  830. 
Trismus,  216. 

Tropical  liver  abscess,  333.  • 
Tropical  malaria,  350. 
Tropical  sore,  344. 
Tropical  splenomegaly,  343. 
Trypanosoma  gambiensc,  336. 
Trypanosoma  rhodesiense,  336,  337,  339. 
Trypanosome  fever,  338. 
Trypanosomes,  97,  336. 
Trypanosomiasis,  Brazilian,  339. 
definition  of   339. 
symptoms  of,  339. 

mode  of  infection  in,  337. 

Rhodesian,  339. 
definition  of,  339. 
occurrence  of,  339. 
symptoms  of,  339. 
Trypanosomidae.  pathogenic,  diseases  due 

to,  336. 
Tsetse  flies,  as  carriers  of  trypanosomes, 

337,  338. 
Tubercle,  conglomerate,  265. 

nnlinrv,  265. 
Tiihi'icle*  bacillus,  263,  614. 

in  acute  pulmonary  tuberculosis,  619. 

antiformin  method,  86,  114. 
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Tubercle  bacillus,   in   cbronic  pulmonary 
tuberculosis,  617,  618,  619. 
diseases  due  to,  263. 
paths  of,  in  infection  of,  in  tuberculosis, 

264. 
pathogenicity  of,  264. 
portals  of  entry  of,  264. 
in  sputum,  538. 
stains  for,  143. 
Tuberculids,  286. 
Tuberculin,  614. 

Tuberculin  reaction,  cutaneous,  (von  Pir- 
quet)  173. 
subcutaneous  (Koch),  172. 
conjunctival    (Calmette;   Wolff-Eisner), 
174. 
Tuberculin  tests,  172. 
Tuberculosis,  acute  disseminated  miliary, 
614,  620. 
acute  general  miliary,  277. 
definition  of,  277. 
symptoms  of,  277. 
acute  miliary,  in  children,  284. 
acute  pulmonary,  619. 
and  alcohol,  280. 
of  bladder,  275. 
of  the  bones,  271. 

of  the  bronchial  glands,  in  children,  285. 
after  chicken-pox,  420. 
chronic  pulmonary,  614. 
of  epididymis,  275. 
general  miliary,  264. 
hematogenous,  264. 
of  the  hip-joint,  270. 

differential  diagnosis  of,  270. 
of  the  joints,  270. 
of  the  lymph  glands,  269. 
lymphadenoid,  diagnosis  and  differential 

diagnosis  of,  269. 
lymphogenous,  264. 
of  the  kidnejr,  275. 
of  the  knee-joint,  271. 

differential  diagnosis  of,  271. 
simple  effusion  in,  271. 
of  the  mammary  gland,  275. 
and  marriage,  279. 
after  measles,  416. 
of  the  meninges,  276. 
miliary,  differential  diagnosis  of,  278. 
modes  of  infection  in,  615. 
of  the  ovary,  275. 
of  the  placenta,  275. 
predisposition  to,  616. 
and  pregnancy,  278. 
of  prostate,  275. 
pulmonary,  265,  613. 
causes  of  death  in,  620. 
in  children,  285. 

complications  of,  kSQ. 
chronic  forms  of,   physical  signs  in, 

617. 
clinical  examination  in,  617. 
complications  of,  620. 
conditions  of  disposition  to,  616. 
definition  of,  613. 
disseminated  forms  of,  619. 


TuberculosiB,  pulmonary,  etiology  of,  614. 
historical  note  on,  613. 
hypotension  in,  808. 
modes  of  infection  of,. 614. 
ordinary  chronic  forms  of,  617. 
pathology  of,  614. 
pneumonic  form  of,  619. 
roentgenography  in,  621. 
rontgenoscopy  in,  621. 
acute,  diagnosis  of,  620. 

of  seminal  vesicles,  275. 

of  the  serous  membranes,  270. 

of  the  skin,  273. 

of  testes,  275. 

of  urogenital  system,  275. 

of  the  uterus,  275. 
Tuberculous  lenses,  533. 
Tuberculous  laryngitis,  677. 
Tuberculous  spondylitis,  272. 
Tubular  breathing,  520. 
Tumor  albus,  271. 
Tumors,  of  the  lung,  648. 
Turgograph,  Fleischer's,  797. 
Tussis  convulsiva,  222. 
Tympanitic  sound,  503. 
Tympany,  511,  512. 
I^'plioid-colon  group  of  bacilli,  229. 
Typhoid  bacillus,  228. 

diseases  due  to,  228. 
Typhoid-bacillus  carriers,  230. 
Typhoid-bacillus  excretors,  230. 
Typhoid  fever,  229. 

complications  of,  238. 

convalescence  in,  236. 

course  of,  232. 

definition  of,  230. 

diagnosis  of,  241. 

differential  diagnosis  of,  241. 

disposition  to,  231. 

epidemiology  of,  230. 

history  of,  229. 

incubation  period  in,  232. 

mild  forms  of,  236. 

preventive  inoculation  in,  242. 

prophvlaxis  of,  242. 

recrudescences  and  relapses  in,  237. 

symptoms  of,  232. 

typical  course  of,  232. 

variations  from  typical  course  of,  236. 
Typhoid  form  of  meat-  and  food-poisoning, 

248. 
Typhoid  hosts,  230,  242. 
Typhoid-ophthalmo-reaction,  value  of,  178. 
Typhoid  state  in  pneumonia,  601. 
lyphoprotein  conjunctival  test    (C^ante- 

messe;  Austrian),  178. 
Typhus  abdominalis,  229. 
Typhus  abortivus,  236. 
Typhus  ambulatorius,  236. 
Typhus  exanthematicus,  300. 
Typhus  fever,  300. 

diagnosis  of,  304. 

definition  of,  300. 

etiology  of,  300. 

occurrence  of,  300. 

prophylaxis  of,  302. 
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Typhus  fever,  Bymptoms  of,  303. 
Typhus  levissimus,  236. 
Typhus  manchuricus,  249. 


U 


Ulcer,  atheromatous,  905. 
Ulcers,  1«. 

tuberculous,  265. 

varicose,  923. 
Ulcus  molle,  254. 
Undulant  fever,  212. 

definition  of,  212. 

diagnosis  and  differential  diagnosis  of, 
212. 

incubation  period  of,  212. 

occurrence  of,  212. 

portals  of  entry  of  microdrganism  of, 
212. 

prognosis  of,  212. 

prophylaxis  of,  212. 

symptoms  of,  212. 
Uremic  asthma,  486. 

Urogenital   organs,   gonococcal    inflamma- 
tions of,  203. 
Urogenital '^y stem,  tuberculosis  of,  275. 
Uskoff's  sphygm6tonograph,  796. 
Utah,  344. 
Uterus,  tuberculosis  of,  275. 


Vaccination,  422,  435. 

complications  of,  430. 

dangers  of,  430. 

definition  of,  435. 

historical  note  on,  435. 

symptoms  following,  436. 

technic  of,  435. 
Vaccination  mark,  437. 
Vaccine  virus,  435. 
Vaccinia,  421,  435. 
Valve  closure,  shocks  due  to,  765. 
Valves  of  heart,  frequency  of  defect  iii, 
888. 

insufficiency  of,  886. 

obstruction  of,  886. 

regurgitation  of,  886. 

stenosis  of,  886. 
Valvular  diseases,  definition  of,  886. 

effects  of,  887. 

etiology  of,  886. 

of  the  heart,  886. 

recognition  of,  880. 

relation  of  age  to,  888. 
Vaquez*8  spbygmosignal,  797. 
Varicella,  419. 
Varicocele,  17. 
Varicose  ulcers,  923. 
Varicose  veins,  922. 

definition  of,  022. 

etiology  of,  922. 

of  leg,  17. 

symptoms  of,  922. 
Variola,  421. 


Variola  confiuens,  425,  431. 
Variola  discreta,  425,  427. 
Variola  hemorrhagica,  427,  432. 
Variola  inoculata,  427,  433. 
Variola  sine  eruptione,  425,  432. 
Variolation,  422. 
Varioloid,  425,  431. 

Varix,  esophageal,  hemorrhage  from  923. 
as  a  symptom  of  cirrhosis  of  the 
liver,  923. 
Vein,  ri^ht  jugular,  auscultation  of,  744. 
Veins,  diseases  of,  921. 

pulse  in,  769,  776. 

of  neck,  diastolic  collapse  of,  in  adher- 
ent pericardium,  881. 
Vena  cava,  inferior,  obstruction  of,  18. 
Venous  hum,  744. 

Venous  thrombosis  in  typhoid  fever,  240. 
Venous  tone,  744. 
Vermes,  97. 
Verruga  peruviana,  381. 

definition  of,  381. 

symptoms  of,  381. 
Vesicular  breathing,  517. 

modifications  of,  in  disease,  518. 

suppression  of,  519. 
Vibrio  asiaticae,  296. 
Vibrio  cholerae,  296. 
Virulence  tests,  149. 
Virus,  of  acute  poliomyelitis,  392. 

of  Ashburn  and  Craig,  391. 

of  chicken-pox,  419. 

of  dengue  fever,  891. 

of  Flexner  and  Noguchi,  diseases  due  to, 
392. 

of  the  Heine-Medin  disease,  392. 

Pasteur's,  disease  due  to,  383. 

of  rabies,  383. 

of  Reed,  Carroll  and  Agramonte,  disease 
due  to,  389. 

of  yellow  fever,  389. 
Viruses,  filterable,  97. 
diseases  due  to,  382. 

ultramicroscopic,  diseases  due  to,  382. 
Visceral  svphilis,  374. 
Vocal  coras,  trachoma  of,  576. 
Vocal  resonance,  515. 
Voice  sounds,  abnormalities  of,  516. 

auscultation  of,  514. 

cavernous,  516. 

changes  in,  515. 

in  healthy  persons,  515. 

normal,  515. 

origin  of,  514. 

W 

Walter's  penetrometer,  44. 
Warmth-stroke,  445. 
Washerwoman's  itch,  310. 
Wasp-waist,  in  atelectasis,  635. 
Wassermann  reaction.  87,  156. 

clinical  value  of,  163. 

in  syphilis,  374. 
Water-wheel  sound,  742. 

in  pneumopericardiimi,  886. 
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Water-whistle    sound,    in    pneumothorax, 

677. 
Wehnelt's  cryptoradiometer,  45. 
Weil's  disease,  300. 
Weight,  12. 
Welch's  bacillus,  216. 
Wheatstone  stereoscope,  61. 
White  swelling,  271. 
Whooping-cough,  222. 

complications  of,  223. 

definition  of,  222. 

diagnosis  of,  223. 

essential,  222. 

nature  of,  222. 

sequelae  of,  223. 

susceptibility  of,  222. 

symptomatic,  222. 

symptoms  of,  223. 
Widal  reaction,  161. 

in  typhoid  fever,  233,  235,  241. 
Widmer's  oscillomanometer,  797. 
Williams'  tracheal  tone,  in  pleurisy  with 

effusion,  668. 
Wilson's  and  Giemsa's  stain,  142. 
Wolff-Eisner's  tuberculin  test,  174. 
Woolsorter's  disease,  214« 
Worms,  97. 


X-ray  bum.    See  R5ntgen-injury. 
X-ray  examination,  in  emphysema,  637] 


X-ray  examination,  for  tumors  of  the  lung, 
649. 
in  pleural  thickening,  665. 
X-ray  examining  room,  description  of,  33. 
X-rays.    See  H6ntgen  rays. 


Yaws,  or  frambesia,  379,  567. 

definition  of,  379. 

diagnosis  of,  380. 

etiology  of,  380. 

prognosis  of,  380. 

symptoms  of,  380. 
Yeast  fungi,  97,  306. 
Yeast  threads,  312. 
Yeasts  and  yeast-like  fungi,  mycoses  due 

to,  312. 
Yellow  fever,  389. 

definition  of,  389. 

diagnosis  of,  390. 

epidemiology  of,  389. 

symptoms  of,  390. 

virus  of,  389. 


Ziehl-Neelsen's  stain,  142. 

Zuntz  and  Plesch's  method  of  estimating 

the  functional  capacity  of  the 

heart,  817. 
Zymonematoses,  312. 
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